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Proposed ACtto■ and loCatiOn:     | . 1 1   1 1‐|

DECONTAMINAT10N AND DISPOSAL OF RAD10ACTIVE WASTES RESULTING FROM
THE MARCH 28, 1979, ACCIDENT AT THREE MILE ISLAND NUCLEAR STAT10N,
URIT 2, LOCATED lN LOHDOHDERRY TOWNSHIP, DAUPltIN COUNTYj PENNSYLVANIA.

Messrs. ollver Lynth and Paul Leech are the Project Managers for this
statement.  They may be contacted at the Three Mile lsland Program Office,

u,S. Nuclear Regulatory cOmmisS10n・  Washington, D.C, 20555 or at 301-492-7258.
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SU}+IARY

fhis programatic environnpntal impact statement (PEIS) by the staff of the U.S. l{uclear
fr '-.gulatory Comission (l{R0) is an overall study of the activit ies necessary for decontamination
'uf the facil i tyr defueling, and disposition of the radioactive wastes which resulted from the
accident on,l larch,28, L979, at Unit 2,bf.the Three tl i le Island l{uclear Station (Tt4I-2). The
following suHary has been prepared byi'the staff for those who prefer to follow the main themes
of the statenent without refering to the technical descriptions, calculations, data, and other
details !ha! Crovide. a basis: for assessing.the cleanup alternatives and their impacts.

In response to a directive issued by the Gormission on l{ovenber 2L, Lg7g, to prepare this PEIS,
the staff has reviewed the status of the contaminated facil i t ies and their surroundings, surveyed
the methods available to carry out the cleanup operations, and analyzed the impacts of the cleanup
activit ies on the environment, members of the public, and plant workers. In surmary, the staff
has reached the following major conclusions and findings (see Section 12 for a complete l isting):

. Fuli cleanup of the Tl,lI-2 facil i t ies should proceed as expeditiously as reasonably possible
to reduce the potential for uncontrolled releases of radioactive materials -to the
envi ronment.

. Existing methods are adequate, or cEn be suitably modified, to perform virtually all of the
necessary operations without incurring envirc'nmental impacts that exceed acceptable l imits;
where special tools or methods are found necessary for operations such as defueling;'
engineering expertise is available to cope with such requirements.

. An early decision to decormission Tl,lI-2 vil l  have very l itt le effect on the choice of
alternatives for the cleanup tasks because most of the same tasks must be performed in order

,to 
renove and dispose of the damaged fuel.

. The time needed to complete the cleanup wil l be 5 to 9 years fnom the time of the accident.

., The nost significant environmental impact associated with the cleanup wil l result from the
radiation doses received by the entire work force fron cleanup activit ies. These doses are
estinrated to be in the range from 2000 to 8000 person-rem.

. It is predicted that less than one additional cancer death attributable to exposune to
radiation wil l occur among the entire work force engaged in cleaning up TMI-2. (The death
rate fron cancer among the U.S. population averages approximately 200 deaths per 1000 people.)
Not more than two additional genetic defects are expected in descendents of exposed vorkers.
(Among the U.S. population, approximately 60 genetic defects can be expected per 1000 people.)

. Throughout the cleanupr any anticipated releases to the environment must be controlled by
the l icensee in accordance with the staffrs proposed effluent criteria to conform to the
individual dose design objectives l isted in 10 CFR Part 50, Appendix I, as mandatory l imits.
The total-body dose design objectives are 15 mrem/year from airborne particulate releases
and 3 mrem/year from liquid releases. Implementation of the criteria in this manner is more
stringent than for normally operating plants in recognition of the condition of l l t l l-2.

. Assuning the cleanup is conducted in accordance with the staff 's proposed effluent criteria,
the staff estimates that, for the entire cleanup, the cumulative total body dose to the
maximum exposed individual offsite wil l range from 0.8 to 2.3 mrem for gaseous effluents.

- An individual offsite receiving the maximum estirnated dose resulting from atmospher.ic
releases during the entire cleanup (0.8 to 2.3 mnem) woul.d-incur an estimated increased risk
of dying fron cancer of between 1 in 2 mill ion and 1 in 600,000, and an increased risk of a
genetic effect to offspring over the next f ive generations of between 1 in 300,000 and 1 in
100,000.
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. Assuming the cleanup is conducted in accordance with the staff 's-proposed-effluent criteria,
the tot;I cumulativb dose received by the entine popu_latio_n within a 50-nrile radius of TMI-2
due to both gaseous and liquid releases would range from 10 to 30 person-rem for the entire
cleanup. This is a small fraction (about .0Li[) of the background radiation dose received
annually by the population from causes other than releases from TMI (annual population
background-radiation dose = 116 mrem/yr x 2.2 x 106 people = 255,000 person-rems).

. The psychological distress ceused by the accident and operations n€cessary to proceed with
the tleanup has declined, but there is a potential for temporary increases in distress as
various cleanup activit ies are undertaken.

. The contaminated accident-generated water in the neactor building basement (sump) and in the
reactor prirnary system cannot be left in its present condition and location if the c-leanup
effort i i  to pioceed. Removal of this contaminated accident water wiII reduce the airborne
and direct rabiation levels in the brri lding sufficiently to perrnit other cleanup operations
to be accomplished with greater safety.

. Treatment of the contaminated accident water wil l transform the entrained radioactivity from
its current mobile state to a more manageable form by concentrating and immobilizing the
act iv i ty  by an appropr iate process.  The c leanup act iv i ty  wi l l  e l iminate the r isks associated
with leivi-ng the'tonlaminatbd accident water radionuclide inventory in the mobile unprocessed
state.

. A decision on the ultimate disposal of the processed water can be deferred unti l after the
waten has been processed. Thei, the concentration of radionuclides remaining_in the water
wil l be low enoirgh for the natei to be stored safely onsite unti l the disposal decision is
made. Processing the water to immobilize most of the radionucl.ides.and storage of the
processed water i i l l  not foreclose any reasonable options for disposition of the water or
concentrated wastes.

. The staff negards the transfer of high-specif_ic-activity w-aste to facil i t ies operated !-y t-he
gepartment oi Energy to be the mos{appropriate course of action fon processing and fina'l
di-sposal of this material. In the interim, radioactive fuel and high-s.peci.f ic-acti.vity ..-
nastes from Tltl l-2 must be packaged and wil l have to be stored at the site tempo_rar_ily unti l
a  su i table d isposal  s i te  is  establ ished e lsewhere.  No s igni f icant  envi ronmental  ef fects are
expected from these activit ies.

. The staff has concluded that Tt4I should not become a permanent radioactive waste disposal
site. If the damaged fuel and radioactive wastes are not removed, the Island wou1d, in
effect, become a permanent waste disposal site. The location, geology, ard hydrology of
Three'i l i le Island are among the factors that do not meet current criteria for a safe
long-tenn waste disposal facil i ty. Removing the damaged. fuel and radioactive waste to
sui lable storage s i { ,es is  the oniy re l iab le means for  e l iminat ing the r isk of  widespread
uncontrolled contamination of the environment by the accident lvastes.

The staf f  has btsed i ts  analys is  on the l icensee's p lans,*  where they are avai lab_le,  as wel l  as
on alternatives the staff has independently developed and assessed. The alternatjves considered
are, in general, dependent upon radiological and technological conditions encountered. Because
the'pnecile conditions of the reactor coie and other parts of- the system are not known, the staff
has i lescribed and assessed probable or bounding situations. When more information becomes avail-
able, appropriate supplemedts to the PEIS wil ' l  be issued if the affected operations are found to
be significantly beyond the scope of these assessments.

The u l t inate d isposi t ion of  T l '1 I -2 is  of  in terest  to  the Federal , -State,  and- local .governments,  as
wel l  as to the i icensee and the publ ic .  However,  the d isposi t ion of  the.  fac i l i ty- -whether  to
decommission or  restore i t  to  a iondi t ion acceptable for  l icensed operat ion-- is  not .wi th in the
scope of this PEIS. The March 28, L979, accident and its associated environmental impacts also
are not within the scope of this PEIS.

ffi-termTTcensee" or "Met-Ed" in this document refers to Metropolitan Edison Company, the
principal owner (50 percent) and operator of the plant, Jersey Central Powen and Light Com-
pany, irennsylvania Electric Company, each of which owns 25 percent.



S.1 The Si tuat ion

Ouring the accident at Tl, lI-2, the reactor coolant water level dropped, uncovering the upper
portion of the reactor core. This produced temperatures i0 the-core in excess of 2500oF, rvhich
inay have had the following consequences:

. Reaction of possibly 50 percent of:t lre Zircaloy fuel c' ladding tubes (in the uncooled upper
core region) with the water vapor and steam, thereby causing the tubes to fai! and exposing
uranium oxide fuel pellets containing fission pnoducts.

.. Possible melting. and fusing together of various stainless steel parts on adjacent fuel
, asseeDlies, such.as the top end fitt ings and spacer grids that are located along the fuel
'assenbly.

. Cracking and crumbling and possibly melting of uranium oxide fuel pellets in the overheated
section of the core.

. Possible damage, caused by overheating, of other reactor parts. It is possible that the
overheating produced local distortions and warping of some of these components.

Snrall pieces of fuel and other radioactive material r"y h"r" been carried from the core hy the
flow of coolant. Larger' fragments may have settled out in parts of the primary coolant system,
smal ler  par t ic les may be in suspension,  and some wi l l  be d issolved in the cool jng water .  Radio-
active material also plated out, forming a thin layer on the inside surfaces of the coolant
system components. Although the total quantity of radioactivity in these various fonms is not
known with any precision, the upper l imit on total radioactivity currently in the reactor coolant
system (exclusive of fuel) is estimated at about 140,000 Ci.

Some of the radioactive gases leaked out of the reactor coolant system along with a large amount
of water. Some of these gases escaped to the environment, but substantial amounts of radioactive
gases renained in the reactor building. Shortly after the accident, xenon and iodine gases
accounted for most of the radioactivity in the reactor building atmosphere, but these decayed
rapidly to nonradioactive forms. The radioactivity remaining in the reactor building atmosphere
up to June 27, 1980, consisted almost entirely of an estimated 57,000 Ci of krypton (Kr-85)
gas.r* Following authorization by the Commission, the gas was purged to the outside atmosphere
during the period June 28 to July 11, 1980. Subsequently, the building has been purged several
times. The release of Kr-85 has not exceeded 100 Ci for any purge; as of December 1980, the
amount purged was less than 15 Ci per month and is decreasing. Some of the purges were made in
conjunction with entries into the reactor building.

Several hundred thousand gallons of highly contaminated water were released from the primary
system when the reactor pressurizer relief valve stuck open early in the accident and the coolant
overfloyr tank ruptured. Additionally, primary system coolant leaked from the letdown and makeup
systen in to the auxi l iary and fuel  handl ing bui ld ing (AFHB) contaminat ing the f loors,  wal ls ,  and
siorage tanks. About 700,000 gallons of contaminated water (termed sump water) are standing
about 8 feet deep in the reactor building basement. This sump water contains about 500,000 Ci of
radioactivity. lhere also are about L00,000 gallons of water containing an estimated 20,000 Ci
sti l l  circulating in the reactor coolant system. At the present t ime, heat from the reactor is
lost to the building and ultimately to the environment. Backup cooling systems are available if
needed. Trit iated water and dissolved radionuclides of cesium and strontium are the dominant
radioactive materials of concern.in the accident water. The other radionuclides are in low
concentrati ons.

Eecause the tanks then available for storing contaminated water were rapidly being fi"l1ed, the
necessity for decontaminating the radioactive water in the AFHB tank" and sumps was recognized
soon after the March 28 accident. The use of a demineralizer system, designated as EPIC0R II,
was authorized for this purpose by the NRC on 0ctober 15, 1979, and cleanup of the water jn the
AFHB has been completed. This processed water is being stored on the site in accordance with
direction of the Commission and an agreement among the NRC, the l icensee, and the City of
Lancaster. The processed water sti l l  contains trit ium, which is not remqved by the EPIC0R II
systen.

ryndyslls a?ter completion of the purging showed that, if instrument errors and uncertainties
in the building free volume are considered, the actual amount of Kr-85 purged was
approximately 44,000 Ci.



l v

A demineralizer system designed for decontaminating water containing higher levels of radio-
activity than EPIC0R II is under construction by the l icensee for processing the water in the .
reactor .building.__ This systern, known as the submerged demineralizer system (SDS), and
alternatives to SDS:ari evaluated in Section 7.1 of the PEIS. Approval by the l{RC would be
required before -any of these systems could be placed in operation.

Exposed interior surfaces and equipment in the AFHB and the reactor bui lding were contaminated
during the accident. The AFHB was contaminated by primary coolant leakage From the makeup and
letdoun system, and the reacton building was contamiirated 

-by 
hot water and steam carrying iadio-

nuclides released to the building under piessure. The interior e*posed surfaces of both buitdings
Itere coated t*ith thin deposits (known as plateout) of radioactive material. Removal of thetplateout in the AFHB begin in Rpiit 1979 ahO about tyo-thirds of the interior surfaces'had been
decontaminated by September 1980. Very l it l le has been accomplished since then because of the
licensee's l inited funds. The largest portion of the radioactive contamination in the AFHB rvas
deposited in the sludge in the sump and several tanks in the auxil iary building. These radiation
sources have not yet been renoved.

Five entries into the reactor building for radiation mapping and damage assessment had been made
by January 1981, but work on decontaminating the neactor building had not yet started.

tlo significant impacts have been identif ied as a result of the low-activity solid rvaste handling
and shipment operations to date. l{astes shipped by truck to the commercial low-'level disposal
facil i ty near Richland, l{ashington, have consisted of immobilized decontamination solutions,
compacted trash and noncompactible solid materials. As of February 5, 1981, 2013 drums and
273 LSA boxes of low-level waste had been transferred off the island in 36 truck shipments.

An interim radwaste storage facil i ty has been constructed onsite to store temporarily some of the
higher activity wastes, such as the spent demineralizer beds from the water treatment systems.
This storage facil i ty wi' l l  be used unti l the evaluation of a'lternatives for offsite disposal of
these wastes has been completed and an appropriate one is selected.

5.2 Reasons for Cleanup

The cleanup operations wil l remove sources of potential radiation exposure that currently pose
risks to the health and safety of station workers and the public. Radiation sources are present
in the form of airborne contamination, wastewater contaminated by radioactive materials during
the accident, plateout of radioactive material on building and equipment surfaces, contaminated
sludge, contaninated fi l ter cartridges and deminera'l izer resins, and damaged fuel. As long as
water with radioactive substances in it is allowed to occupy sumps and tanks, there exists a
stnall probabil ity of leakage into the groundwater and subsequently into the Susquehanna River.
The contaminated water is also a source of direct radiation to vorkers requiring access to the
building to perform crit ical maintenance (e.9., repair of nuclear instrumentation) or other
repair to maintain the reactor in safe shutdorrn condition.

The reactor has be€n in a safe shutdown state since April 1979. The primary system temperature
is about l20oF, and the small and decreasing amount of decay heat sti l l  being generated'is being
lost to the building. A new forced circulation system for the primary coolant, the mini-decay
heat-renoval-systen (|{OHRS), has been installed but is not in use because loss of heat to the
building has been shown to be adequate. As long as the damaged fuel in the reactor core is
cooled and renains relatively undisturbed and surrounded by boron-rich coolant, there is
essentially no chance that the nuclean chain reaction, which was abruptly stopped at the time of
the accident, could start again. But, the staff believes that as time passes, tnere wil l be an
increasing potential for failure of essential equipment. Even though improbable, if the core
were accidentally to begin a chain reaction once more, radioactivity could be released to the
reactor building. The amount of radioactivity released during an accidental recrit icality would
be much less than that released in the init ial accident. Even so, t imely removal of the damaged
fuel to safe storage is a paramount objective of the cleanup of lltll-2.

The feasibil i ty of part;ial cleanup alternatives in which the reactor building nould be sealed
with sone or all of the radioactive sources left in place was examined. It rvas found that all
such alternatives,-including taking no action other than maintaining the reactor in safe shutdown
condition, either would not eliminate the potential risks or would convert pant of the TllI-2 site
into a long-term or permanent waste repos'itory.

/



The staff concluded that all of the cleanup operations must be performed whether TMI-2 is
decormissioned on refunbished to generate electricity in the future. The environmental impacts
would be essentially the same regardless of whether the cleanup alternatives were chosen on the
assumption that thiplant would 6e decommissioned or on the assumption that the plant would be
refurbished and restarted. The differenies are less than the uncertainties in the best estinates
that can be made for these impacts orr the basis of the information presently available.

Cleanup of the facil i ty.should proceed in a timely manner, not only to mitigate any risks to the
physical health of vorkers and nearby residents, but also to complete those activit ies which can
Lause psychological distress for relit lents in the area. The sooner the cleanup process is
completed, the sooner the sources of concern wil l cease to exist.

S.3 The Cleanup Operations 
'- :

, The cleanup comprises four fundamental activit ies: building and equipment decontamination; fuel
removal and decontamination of the primary coclant system; treatment of radioactive l iquids; and
packaging, handling, storage and transportation of radioactive vastes. The current schedule for
conduiting these activit ies is indicated in Figure 1. Figure 2 i l lustrates how the wastes
resulting frorn the cleanup activit ies, and from the accident itself, would be separated for
eventual packaging and disposal.

The removal of unwanted radioactive contamination from materials and equipment is a familiar and
routine operation for reducing radiation levels. Decontaminations of various types have been
conducted'since the 1940s and-a considerable amount of experience and technology is available.
These experiences i l lust,rate that available techniques can be modified to srrit the conditions at
Tl,lI-2. Applicable experience in removing damaged fuel and core iomponents is l imited, hence
development of specific techniques wil l be required.

Building and Equipment Decontamination

Cleanup of the AFHB started with the general areas uhere contamination was_relatively l ight-and
is pro'ceeding to rooms (cubicles) coniaining tanks and other equipment which.are more heavily -
coniaminated. The methods in use are not essentially different frorn those used in the process of
removing dirt fnom any surface except that care must be taken to protect-workers frorn radioactive
contamination, and more stringent methods must be used to remove most of the contamination. The
methods used ior decontaminating building and fixed equipment surfaces include washing with a
high-pressure water jet, wet and dry vacuuming, and manual wiping. Cleah surfaces are often
protected by applying strippable coatings which are easily removed if the surface becomes
iecontamrnafed." Small dembuntable equipment items can be cleaned by electrochemical or
ultrasonic techniques. The methods considered to be most practicable for removing the sludge
that accumulated in the sump, pipes, tanks and other vessels containing water involve
resuspension of the sludge in water by agitation to form a slurry which is pumped out and
fi I tered.

As of September 1, 1980, the amount of labor by workers directly involved in the AFHB decontami-
nation effort was about 500,000 person-hours. The average exposure rate for these workers
generally allorved normal shift operation. Shielding is_ used to protect workers_from the ambient
iadiat ion f ie lds,  and only a f r ic t ion of  a worker 's  t ime on the job is  actual ly  spent  in  the
radiation field. The staff estimates t,hat a total of about 750,000 person-hours of work effort
wil l be needed to decontaminate the AFHII.

The metl.ods used for decontaminating the reactor building wil l be sim'i iar to those used in the
AFHB, although the strategies wil l 6e different because the reactor building consists primarily
of l irge ope-n spaces, while the AFHB is divided into many small cubicles. Surface decontami-
nation-may'be dasier in the reactor building than in the AFHB because most of the reactor
buitding surfaces are painted, whereas most of the surfaces in the AFHB are untreated concrete.
The maj-or tasks that must be'coordinated and carried out are removal of the contaminated water
from the basement, removal of the sludge and debris, and removal of the plateout from the
building and equipment surfaces.

the staff estimates that decontamination of the reactor building (excludjng any additional
decontamination that might be requined in connection with decommissioning or refurbishing
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operations) vould require a work effort in the range of 300,000 to 900,000 person-hours. This
includes boih in-building and out:of-building tine for workers nith assignnrents that require
entry into the building; it does not inc'lude support work by othgrs with assignments that do not
require entry.

Fuel Reroval and Prinary Systern Decontamination 
' ",

The ultirate objective of the reactor defueling and primary system decontamination is to remove
all fuel, danaged reactor parts, and radioactive plateout in the coolant system. Because the
exact condition of the reactor core and sone of the other reactor parts will not be known until
thorough inspections have been performed, it is impossible to predict or plan the defueling and
cleanup operations in conplete detail at this time. However, the najor steps and the order in
rhich they rill be conducted are reasonably certain. :

fhe coolant systear nust first.be connected to a cleanup system so that the coolant can be
decontarinated. It also will be necessary to remove any additional radioactive materials
released to the uater during fuel renoval operations. This could be done by continuously running
the rater through a cleanup systen consisting of f i l ters and demineralizers.

Obtaining dcccss to the fuel requires renoval of the reactor vessel head and components above the
fuel. These tasks can be performed in nuch the sare manner as during normal reactor refueling
operations, nanely by direct contact nrethods. If minimal yarpage or mechanical damage occurrsjd
during the accident, these operations should proceed vith relative ease. Hovever, if warpage or
nrechanical danage is extensive, considerable diff iculty could be encountered in fuel removal
operations, and undelater cutting and machining operations might be needed.

The fuel will be noved under rrater to the sperrt fuel pool for interim storage. Sone of the fuel
assenblies nay not be all in one piece. Operations necessary to remove the fuel assemblies are:

. Detailed inspection of the core.

. Renoval of loose debris.

. Renoval of fuel assemblies using special equipnent.

During defueling, it is very important to maintain the boron concentration in the circulating
water at the propen level in order to prevent reactor recriticality. Since some of the water
treatnent processes renove boron along vith the radionuclides, boron may have to be added to the
water during the defue'l ing.

After the fuel has been removed, the support structure for the fuel must be removed. Normally,
renoval of the support structure is a straightforvard proc, 'ure requiring hook up with the crane,
lift ing it out of the pressure vessel, and moving it to the fuel transfer canal. Because of the
possibil i ty that overheating has caused distortion and warping of the support structure, removing
it may not be easy. Accordingly, planning allows for the contingency of having to remove this
structure by cutting it into smaller pieces while sti l l  under water.

After renoval of all the fuel from the reactor pressure vessel (hence removing of any further
source of radioactivity which could recontaminate the system), the final step yil l  be to clean
out the residual radioactivity from the system. This would be accomplished by a method quite
analogous to flushing the cooling system of an autonobile.

The staff assumes that decontanrination of the reactor building wil l be largely completed before
fuel renoval activit ies begin. Thus, during these activit ies the contribution to worker exposure
frorn building background radiation should be small. The najor contribution to worker exposure
will be the general background of 2 to 3 nrR/hr at the surface of the transfer canal water during
undelater operations to disassemble the reactor. In addition, it wil l be necessary to work in
radiation fields as high as 150 to 200 mR/hr in performing some of the hands-on activit ies. The
staff has estimated the time-averaged fietrd for a typical worker during the defueling activit ies
over a work shift t.r be 10 mRlhr. t{hile some persons sil l  be working in higher average _fields
and others in loyer fields, it is the staffrs judgment that this average value is appropfiate for
estinating radiation exposures for uorkers perfonaing the defueling and primary cooling systen
cleanup aitivit ies. A total of about 100,000 to 300,000 person-hours of effort wil l be required,
depending upon the conditions found during inspection.

ノ
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Tieatrent of Liquid t{astg ,

Liquids involved in'ttre l l{I-2 decontanination wilt require further processing to pennit their
safe disposal in accordance with the staff 's proposed use of the effluent criterion in 10 CFR 50
Appendix I as discussed in Section 1.5.3.2; these liquids include those directly generated during
the lfarch 28, L979, accident (actident vater) as well as liquids contaninated during the cleanup
operations.

The accident-generated water in the reactor building surnp and the primary system cannot be left
in its present condition and location if the cleanup effort is to proceed. Sone of the alterna-
tives considered for disposition of this water involve its cleanup through the use of f i l tration,
ion exchange, evaporation and bitumenization techniques. 0thers include transfer from its present
location to onsite storage facil i t ies or processing the water for tran$port and disposal at a
lov-level radioactive waste disposal facil i ty. As decontamination solutions are generated, they
too nust be either cleaned up, stored, or processed and shipped offsite. The alternatives
considered for accident-generated vrater and decontanination solutions are discussed below.

Long-tenn onsite storage of the unprocessed accident water involves transfer fron its present
locations in the reactor building and primary system to storage tanks. This yater could be
transferred to tanks within the reactor or auxil iary fuel handling buildings, if available, or to
newly constructed exterior tanks. In either case, the storage tanks would have to be heavily
shielded to reduce radiation levels in areas near the tanks. Storage of the accident uater
onsite vould defer cleanup and conplicate the cleanup operation without contributing to its end
goals. For these reasons, long-tern onsite storage of unprocessed accident water is not
considered a reasonable alternative.

Direct imobil ization involves mixing unprocessed accident water with a binder materai such as
Portland cenent or vinyl ester styrene for either temporary onsite storage or offsite shipment to
a cocnercial shallov land burial facil i ty. Imobil ization of accident Hater vith cement would
take about 5 years, produce about 7400 cubic yards of concrete, and require abor:t 1900 shielded
shipments frorn the TllI-2 site. This was not considered suitab'le for unprocessed accident water
but may be used for the relatively small quantit ives of decontamination l iquids.

Several processes and systems are available for treating the liquid to remove the contaminants.
The following processcr were considered: (1) f j l tration, (2) ion exchange, (3) evaporation, and
(4) bitumenization.

Filtration is applicable to TllI-2 l iquid wastes as an init ial step in a process. It is not a
appropriate treatoent process by itseif because muctr of the radioactivity is in solution and thus
is not removed by fi l tering.

Ion exchange, the same process used in household water softeners, involves the removal of ionic
species from an aqueous phase. The ion-exchange media considered for use at Tl,lI-2 include
inorganic zeolites and other minerals and organic resins. Ion exchange is appropriate for
accident water and some decontamination solutions. It is not appropriate for treatment of
chenical decontamination solutions because the chemical nature of these liquids would lead to
rapid breakdown and plugging of ion-exchange media.

Evaporation would separate the water fron the non-vo'lati le radionuclides and other impurit ies
dissolved in the l iquid waste. l lost of the contaminants are retained in the concentrated
soiution (or bottorns) while the relatively clean water vapor is condensed to l iquid which
requires further processing in an ion-exchange system. Additionally, the concentrated solutions
would have to be inrnobil ized in a solidif ication system. Evaporation is only appropriate for
treatnent of Tl{I-2 l iquid yastes with low to moderate concentrations of dissolved solids and low
radi onucl ide concentrations.

Eitumenization combines evaporation anrl irmobil ization in one step. The radionuclides are
imobil ized in an asphalt-l ike material (bitumen) and the vaporized water removed fron the l iquid
waste is condensed for further treatment in an ion-exchange system. Bitumenization is only
appropriate for Il{I-2 liquids of lov 'Lo moderate radioactivity cohcentration with at least
5 percent solids content by weight.
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=.    remaining water could be retained in the pOnd for the lifetime of the plant,  The water
could a150 be inJected into the mechanical draft cooling tower wher1 50me Of the water would
be vaporized and released to the atmosphere and the rest released to the river via the
cooling tower blowdown.

PaC【皇ging, Handling, stor3ge, Transportation and Disposal of RadioaCtiVe Waste   ■ d Fue]

The wastes resulting from the accident and from decontamination activittes are n3t all in a form
acceptable for onsite siorage Or OffsSte disPosal.  It wili therefore be necessary to treat some
of these wastes,  The treatment alternatives considered dePend on the physical form of the
material.  Conbustible trash can be incinerated to reduce volume by factors of 80 to 100, but
incineration leads to the generation of ash that muLi be fHwnobilized prior to disposal.  The
addition of an immobilizing agent results in a net effective volume reduction of 40 to 50.
Noncombustible trash can be compacted to reduce volumls by a factor of about 5。   Contaminated
equipment and hardrare can be disassembled and mechanically sectioned for volume reduction.
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/



loractivity naterial, and large steel containers with capacities as great as 200 ft3. Special
casks_are_required for fuel asslmblies and could be requirbd for certain spent f i l ter carti idges,
efPended ion-exchange nedia, and sludges. The package handling techniqueb depend on the radia-'
t loll level, size, and reight of the disposable container, Low-activity materials in druns or
wooden boxes are handled manually and are transferred within the facii i ty using forklifts,
motorized pallets, or other package-handling equip'nent. For higher-aciivity 

-disposable'
.containens, semirenote and remote handling systems aie used so as to reduce radiation'exposure to
personnel.

In^general,.all waste wi' l l  be transferred to an onsite staging/storage facil i ty prior to shipment
offsite. These facil i t ies may be shielded enclosures. The iacil i t ies are Oivibeo by container
type and surface radiation level.

Shielded packages vil l  be used for shipping spent fuel, contaminated hardwane, certain spent
fi l ter cartridges, expended ion-exchange media, and other higher radiation level wastes.' The
number of shielded waste shipments is estimated to be between 220 and 590, and the number of
unshielded shipnents is estinated to range fronr 130 to 310. The range refl icts the uncertainties
inherent in the estimates as a result olthe fact that the actual volume of naste generated nil l
depend on which decontamination and waste treatment alternatives are implemented.

0isposal options considered include:

' 0isposal of high-level wastes, high-specific-activity wastes and transuranic wastes in a
special offsite waste repository,

' Disposal of the lower range of the high-specific-activity wastes by intermediate depth
bur ia l ;  and,

.  Disposal  of  the low-act i t ' i ty  wastes in  shal low land bur ia l .

'  Storage of irradiated fuel either onsite or offsite pending final disposal or reprocessing.

S.4 Environmental Impac'ls of the Cleanup

The_principal environmental impacts that can be expected to occur as a consequence of the cleanup
activit ies at Tl,lI-2 are indicated below.

Occupational Doses and Health Effects

Decontanination workers at the plant wil l receive a total cumulative radiation dose estimated at
between 2000 and 8000 person-rem for the whole cleanup program. Using the NRC staff 's health
effect risk estimators, the health effect estimates corresponding to these doses range from 0.3
to 1 additional deaths among these vorkers due to cancer and fron 0.5 to 2 additional genetic
effects among their descendents. A sufimary of the minimum and maximum estimates by the ltatt is
given below in Table S-1. These ranges are broad because of uncertainties of the plant conditions
and the amount of work that wil l be needed to decontaminate the reactor building and its contents.
fhe occupational dose to each worker wil l be l imited to 3 rem/quarter in accordance with 10 CFR
Part 20; however, the exact dose to any one individual cannot be predicted because work
assignments have not been made.

Offsite Oosgs in9 Health Effects from Projected Cleanup Activit ies

The total-body dose to the individual that may receive the maximum exposure offsite from gaseous
and liquid releases fronr the cleanup operations during any year sil l  not exceed about 15mrem
(Appendix R). The increased risk that this dose would cause a fatal cancer in the individual who
received it is about one chance in .[00,000. The increased chance of that dose causing genetic
effects to offspring of the maximum exposed individual is about one chance in 20,000. These
risks are small compared to the current normal incidence rates for fatal cancers and genetic
effects among the poulation. Public health statistics indicate that in the United States, one
person in five probably wil l die of cancer and that the normal,occurrence of hereditary disease
in offspring is auout 1 in 17. For the genenal population within 50 miles of the plant, the



Table S-1. Estirnated 0ccupational Doses and Resulting Health
Effects.as a Result of Tl{I-2 Cleanup 0perations

llajor Cleanup Operation

Cumulative
0ccupational :., , .

Dose
(person-rem)

ilininum ilaximum

Poterrtial
Fatal Cancers

ilinimum l.laxinum

Potential
Genetic Effects

in Offspri,nq
l{inimum llaximum

:Building gnd equlPtteⅢ
Ⅲ

decOntaminatS● n  i

Fu1l removal and primary

systett decontamlnation

Treatttent of radicactive
llqJ,ds

Pa:告
8gil:is:]l!:il:占 岳:°

ragi‐
radioactive wastes

Totala

1,000    3,600

900    4,100

75      520

2,000    8,000

0.13     0=5

0.006    0.016

0.009    0.07

0 . 3     1

0,9

0。2

12040 0.01     0,03

0.02     0。14

0 . 5     2

aTctals are rounded to one significant digit.

total curnulative dose from expected releases would be in the range of 10 to 30 person-rem; this
is less than 0.01 percent of ihe 255,000 person-nem annual radiation dose to the same popu'lation
fron background.

A-i-individqal onlooker who spent three minutes at an average distance of 3 ft from a truck loaded
with radioiit iVe-'waste mighi receive a dose of up to 1.3 mrem. The probabil ity that this dose
would cause an increased chance in-fatal cancer in the individual nho received the dose is about 1
in I rrri l l ion. The added probabil ity of genetic effects to offspring of the exposed individual is
about I in 200,000. The Lstimated 700,000 persons who reside along the longest (2750-mile) route
from Tl{I to the farthest disposal site might receive a cumulative population dose vithin the
range of 20 to 50 person-rem for all ttil decontamination waste and fuel shipments.

The potential for effects on aquatic organisms in the Susquehanna River and in Chesapeake.Bay has
been'evaluated for both controlled and accidental discharges of processed and unprocessed water
to the river. Low concentrations of Cs-137 could persist in sediments in both the river and the
Bay for some years following an accidental discharge of unprocessed water fron Tl,lI-2,. but the
levels would 6e so low as to have no radiation effects.on aquatic species or on man and would not
be detectable in sedinents beyond the innediate site vicinity. For controlled releases of
processed water there vould be no significant effects on man or aquatic species.

Postulated Accidents

The accidents considered possible by the staff range from the more l ikely but low consequence
failure of a HEPA fi lter to the extremely unlikely occurrence of a leak in the reactor vessel
that leads to uncovering and overheating of the core with the reactor vessel head removed.

Building ventilation systems are equipperC with two or nore HEPA fi lters in series to renove small
particlCs of dust fromthe air being exhausted to the atmosphere. Failure of a HEPA fi lter would
bllow sone of the radicactive dust to escape unti l the failure was detected and the ventilation
system shut down. An accident of t lr is nature in the AFHB could result in a total-body dose of
0 : 0 0 8 4 R r e [ t t o t h e m a x i m u n e x p o s e d i n r j i v i d u a l o f f s i t e . � [ � �
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Although extremely u高likelys the unprOcessed reactor Du,lding sump water might leak out of the
reaCt6r bu lヽdingo  ln the inprobable event that all the water reaches the river, the c。 高cen―
treti01 of raOiOnuClldeS WOuld be order3 0f magnStud●  below maximum pernlissible concentration, 1
for wnrestriCteo lreas・  Perco13,10n thrOugh the grOund to the river iS Calcuiated ,o ,ake ttore
than ole year, andtRonitoring wel15 3rO古 nd the reactor building wili provide early indication of
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譜亀赳ぽ:|:Ⅲ・十Only trittun would reach the lSVer wSthin ■  year
Cs-1,7, wo口lo be grea,コy dP13y●o ibeCewse!of adSorPtHon onto thO s611.             !

While the staff COuld not hypothesize a credible ntechanism for a leak in the reactOr veSsels the
consequences of such an occurrence werさ  evaluated.  Since fron gnany hours to several days would
be avaflable to take corrective action shculd loss of cooling be developing, the leakage from the
reactor v`ssel into the reactor buヽ lding coul卓 be lSmited to a smal] fraction of the current
inventory Of radicactiVltyt  The worst conceivable situation would occur if all the Kr‐ 85

(45,000 Ci) and mOSt Of the cesium (470,000 Ci) still in the core were released to the reactor
buSlling.  The resulting activity levels inside the reactor building would then be colllparable to,
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ng fd 19wing the acttdent on March 28,1979.
ile bounding event would be comparable to those
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Potential Releases Causld by External Events

The potential for the release of radicactive materials as a result of flood, tornado, or aircraft
impact was ev31uatld.  A flood somewhat larger than the Hurricane Agnes flood of 3une 1972 would
overtop the levle sJrroundng the want,but wa緒

提封祥署晃耐
刊
離庁:r:rih盟昭品拠まT札lyC●「Bこrete, and it is not very llkely that they wou

to be affected by tornado or ]冊 paCt Of an alrcraft; however, the exposed processed water storagl

軽挽 用 盤 メ 艦 辞 頓 ア に i浦 緯 器 櫨 舗 新
are not likely to be exceeded at the neOrest pwblsc drinking water supply.

Psychological-5ociceccnomヽ c Effects

The level of psychological distress among some members of the comlnunitSes surrounding the plant
increased imlnediately following the accident but had considerably diminished by midsummer 1979.
Low levels of distress will Probably continue during the cleanup process, but R0 10ng― ter冊

psychological effects on the great majority of the community are predicted.  Nevertheless, the
long―term nature of the cleanup program presents the potential for increasing psychological
distress for some peoplei cOnsequ● ntly, completing the cleanup as expeditiously as safety will

Permit is desirable.      ‐

5ocial impacts during the cieanup could include Possible resistance to consumption of agrlcul―
tural and fishery products that the public may think are radicactively contaminated.  Those who
make all or part of their living from seafood taken frorn Chesapeake Bay or those involved in
agrScultural production are likely to be affected to the largest degreei but ,osses, if any,
should be of short duration.

The disposition of processed acctdent water is of concern to many individuals.  The pptential
economic Smpact on Chesapeake Bay activities (Sea food industry and recreational uses) if the

processed accident water werl diluted and a controlled release made to the Susquehanna River is a
natter of special concern.  The State of Maryland ギ S undertaking a study Of the possible economic
inpacts on the marketing of seafood fram the Chesapeake Bay if the public were to perceive a
heaith hazard from controlled release of the processed accident water,  The NRC staff is of the
opttnion that until such a study Ss cOmpleted, no decision should be made regarding the disposition
of the processed accヽ dent water (unless an emergency arises which requires early disPosition).
Adequate storage capacSty exists for interim retent,on of the processed accident water onsite.

Although the nuttber of truck shipments necessary to carry 50]id radloactive wastes to dispcsal
sites will be large (ranging from 350 to 1000), the shipments will be made over a long period of
tilne and reduction of the marketability Of residential property near the route through Middletown,
Pennsylvania, should be tenPorary.
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Radi oI ogi cal Env i rdhnenta I l,loni tgr! nllleglam

ilonitoring around, the It lI site and in nearby cormunities during decontamination of TF,II is being
perforned'by (1) the U.S. Enviionmental Fnotection Agency as the lead federal agency, (2) the-
CormonwEalth of Pennsylvania, (3) the U.S. Departnent of Energy, (4) the Nuclear Regulatory
Cormission, (5) the State of l i laryland, dnd (6) l letropolitan Edison Company (the l icensee):

In addition to their own direct mohitoring, the Department of Enengy and the Commonwealth of
Pennsy'lvania have sponsoned a Conmunity Radiation Monitoning Program that involved people in 12
colmunities within about f ive miles of Tll!.

The very conprehensive radiological monitoning progran provided by the cooperation of the above
organizations consists of direct anq indirect measurements of exposure rates and sampling of al1
appropriate media at numerous locations in the offsite area within 21 miles of I|41-2. Exposure
rate measurenents are made using recording and nonrecording rate meters and thermoluminescent
dosimeters (TLOs).  Samples of  a i r ,  so i l ,  vegetat ion,  mi lk ,  f ish,  aquat ic  p lants,  sediments,  and
water are co1lected and analyzed for specific radionuclides and for gross beta and gamma emissions.

The results of all monitoring programs are reported to the EPA, which is responsible for coordi-
nating offsite monitoring around TMI-2 and for compilation and dissemination of the resulting
data to the public. |=

Economic Costs for Cleanup of_Ilt|I-?

Estimates of the relative cost of alternatives considered for each phase of the cleanup of TMI-2
have been developed, excluding costs not directly associated with the actual decontamination
work. Examples of the costs not included are the costs of the support activit ies essential to
the whole process, cost of replacement power, interest charges and inflation. The estimates also
are in constant 1980 dollars and do not include the effect of inflation. These cost estimates
wene made for the purpose of comparing the various alternatives that were considereci feasible. A
total cost estimate for the cleanup of Tl.lI-2 has not been made by the staff.



PREFACE

The NRC staff appreciates the many helpful corments received from the

public and government agencies on the draft Programmatic Environmental

Impact Statement (PEIS) which was issued in August 1980 for public

coflnent. Our efforts to be responsive to these comments have resulted

in a variety of changes in the PEIS, particularly in Chapters 5 through

8 which some persons found confusing. t{hile the organization of those

chapters in the draft statement enabled the reader to follow the expected

chronological sequence of the cleanup activit ies, it also had the dis-

advantage of scattering information on particular subjects, such as

processing contaminated water from several plant locations, through various

parts of the document. t{e have therefore reorganized the naterial in these

chapters so that  d iscussions of  s imi lar  act iv i t ies in  th is  f ina l  PEIS are

grtuped together.

To further aid the reader we have simplif ied some of the technical descrip-

t ions,  updated informat ion,  and inc luded addi t ional  i l lust rat ions.  Relat ive

econonic cost estinaces of the alternative methods of perforrning the cleanup

of TMI-2 have also been included, as promised when the draft statement tvas

issued. However, tve do not regard the addition of cost information (or the

other modifications mentioned above) as. a substantial change in the content

of the document. Our primary responsibil i ty is to ensure that the cleanup

activit ies are conducted in accordance with NRC's mandate to ensure the

health and safety of the public and to protect the environment.

Bernard i l. Snyder, Program Director
Three Mi' le Island Program 0ffice
Office of Nuclear Reactor Regulation
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FOREI{ORD

This-progranmatic envireinmental impact statement was prepared by the U.S. Nuclear. Regulatory
Conrnission, Tl l I  Program 0ff ice, 0ff ice of l{uclear Reactor Regulat ion (the staff),  pursuant to the
Cormission's l{ovember 2L, L979, Statenent of Pol icy and Notice of Intent to Prepare a Program-
matic Environmental Impact Statement and the requirements of the National Environmental Pol icy
Act of 1369 (NEPA).

The i{EPA states, among other things, that i t  is the continuing responsibi l i ty of the Federal
Government to use al l  practicable means, consistent with other essential considerations of
national Pol icy, to - improve and coordinate Federal plans, functions, programs, and resources to
the end that the l{ation may:

'  Fu l f i l l  the  respons ib i l i t i es  o f  each genera t ion  as  t rus tee  o f  the  env i ronment  fo r  succeed ing
generati  ons.

'  Assure  fon  a l l  Amer icans  sa fe ,  hea l th fu l ,  p roduc t ive ,  and es the t ica l l y  and cu l tu ra l l y  p leas-
ing surroundings.

'  Attain the widest range of benef: icial uses of the environment without degradation, r isk to
health or safety, or olher undesirable and unintended consequences.

'  Preserve. important historic, cultural,  and natural aspects of our national heri tage, and
main ta in ,  wherever  poss ib le ,  an  env i ronment  wh jch  suppor ts  d ivers i ty  and var ie ty  o f  ind i -
v idua l  cho ice .

'  Achieve a balance between populat ion and resource use which wil l  permit high standards of
l i v ing  and a  w ide  shar ing  o f  l i fe 's  amen i t ies .

. Enhance the quali ty of renewable resources and approach the maximum attainable recycl ing of
depletable resources.

Further, with respect to every reconmendation or report on proposals for legislat ion and
other major Federal act isns signif icantly affect ing the quali ty of the human environment,
Secti ' ln 102(2)(C) of the NEPA cal ls for preparation of a detai led statement on:

( i)  the environmental impact of the proposed action;

( i i )  any adverse environmental effects which cannot be avoided should the proposal be
i mpl emented;

( i i i )  a l te rna t ives  to  the  proposed ac t ion ;

( iv) the relat ionship betrveen local short-term uses of man's environmen! and the maintenance
and enhancenent of long-term productivi ty; and,

(v )  any  i r revers ib le  and i r re t r ievab le  commi tments  o f  resources  wh ich  wou ld  be  invo lved in
the proposed action should i t  be implemet; ied.

Information for this statement was obtained from the l icensee's Environmental Report and Final
Safety Analysis Report or from the staff 's Final Envjronmental Statement for the 0perating
License, dated December 1976, and from new information provided by the l icensee or independently
develcped by the staff.  This information is avai lab' le to the public. Any comments by interested
persons received on this information have been considered by the staff.  In conducting the
requ i red  NEPA rev iew,  the  s ta f f  met  w i th  the  l i censee to  d iscuss  i tems o f  in fo rmat ion  prov ided,
to seek new information from the l icensee that might be needed for an adequate assessment, and
general ly to ensure that the staff had a thorough understanding of the proposed cleanup opera-
t ions. In addit ion, the staff sought inforrnation from other sources that would assist in the
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evaluation and visi ted and inspecterl  the project si te and surrounding vicinity. l t lembers of the
staff rnet with State and local '  off icials charged with protecting State and local interests and
he ld  scop ing  meet ings  w i th  the  pub l ic  in  Har i i sburg ,  Pennsy lvan ia ,  on  January  29 ,  1980,  in
l{ iddletoin, Pennsylvlnia, on February 12, 1980, and in Balt imore, Haryland, on February 15 and
ilarch 20, 1980.

0n the basis of the foregoing and other such activi t ies orinquir ies as were deemed useful and
appropriate, the staff made an independent evaluation of the TMI-2 cleanup plans and operations.
This'evaluation led to the publication of a draft programmatic environmental impact statement,
prepared by the 0ff ice of Nuclear Reactor Reguiat ion. I t  was circulated to Federal,  State, and
iochl goveinmental agencies for comment, and a summary notice of the avai labi l i ty of the draft
enviroi"nental statement was publishetl  in the Federal Register. Interested persons were invited
to coment on the draft statement. In addit ion, the staff held a total of 31 meetings with the
pub l ic ,  loca l  o f f i c ia ls ,  and in te res ted  organ iza t ions  dur ing  the  comment  per iod  on  the  dra f t
i tatemint in order to explain the staff 's issessments and to sol ici t  verbal comments from indi-
vidual members of the public and to respond to these comments at that t ime. Verbatim transcripts
were made at ten of the major publ ic meetings from which the staff,  after review, obtained fur-
ther conments which were eipreised verbal ly by the public. These verbal comments were received
as i f  they were writ ten submittals.

After receipt and consideration of comments on the draft statement, the staff prepared this f inal
environnrenti l  statement, which includes a discussion of comments generated on the draft statement
and the responses thereto. The comment letters received on the draft statement appear in
Appendix A; responses to the comments are contained in Section 13.

Single copies of this statement may be obtained as indicateu on the inside front cover.

i lessrs. Paul Leech and 0l iver Lynch are the Environmental Project Managers for this statement'
Should there be any questions r igarding i ts contents, they may be contacted at the fol lowing
address:

Three l l i le Island Program 0ff ice
Off ice of Nuclear Reactor Regulat ion
U.S.  Nuc lear  Regu la to ry  Commiss ion
Washington, 0C 20555

Phone: (301) 492-7258



INTRODuCT10N

1.1 THE PURPOSE AI{D S.COPE OF THIS STATEHENT

0n l{ovember 2L, Lglg, the Nuclear Requlatory Commission announced i ts decision to prepare a pro-
grarmatic environmental impact statement (PEIS) on the decontamination and disposit ion of radio-
active rrastes result ing from the March 28, 1979, accident at Three tr l i  le Island Nuclear Stat ion
Uni t  2  (see Append ix  8 ) .  The PEIS is  in tended to  p rov ide  an  overa l l  eva lua t ion  o f  the  env i ron-
mental impacts that could result from these activi t ies, beginning when the plant condit ions were
stabi l ized after the =r.:cident and continuing through completion of the clernup from the accident.
For purposes of this ciocument, the term "cleanup't is used to mean decontaminating and defuel ing
the  p lan t ,  and d ispos i t ion  o f  rad ioac t ive  uas tes .

As  s ta ted  in  the  Commiss ion 's  no t ice ,  "An overa l l  s tudy  o f  the  decontaminat ion  and d isposa l
p rocess  w i l l  ass is t  the  Commiss ion  in  camying  ou t  i t s  regu la to ry  respons ib i l i t i es  under  the
Atomic  Energy  Ac t  to  p ro tec t  the  pub l ic .hea l th  and sa fe ty  as  decontaminat ion  progresses .  I t  w i l l
also be in keeping with the purposes of the National Environmental Pol icy Act to engage the
pub l ic  in  the  Commiss ion 's  dec is ion-mak ing  processes ,  and to  focus  on  env i ronmenta l  i ssues  and
alternatives before commitments to specif ic cleanup choices are made."

The Comoiss ion  i i rec ted  the  s ta f f  to  inc lude in  the  PEIS an  overa l l  descr ip t ion  o f  the  ac t iv i t ies
and a  schedu ie  fo r  the i r  comple t ion ,  a long w i th  a  d iscuss ion  o f  a l te rna t ives  cons idered and the
rationale for choices made. This information has been included to the extent i t  is presently
avai lable from the l icensee.* However, there are many areas of uncertajnty regarding the cleanup
openat ion ,  as  the  Commiss ion  recogn ized (Append ix  B) .  For  example ,  the  prec ise  cond i t ion  o f  the
reactor core wil l  not be known unti l  the reactor vessel has been opened. Where such is ihe case,
the staff has described and assessed the probable or bounding situations. I f ,  when more informa-
t ion  becomes ava i lab le ,  p roposed ac t iv i t ies  a re  found to  be  s ign i f i can t ly  beyond the  scope o f
these assessments ,  appropr ia te  supp lements  to  the  PEIS w i l l  be  issued.

The proposed scope of the statement was discussed with representatives of the President 's Counci l
on  Env i ronmenta l  Qua l i t y ,  the  l i censee,  and severa ' l  s ta te  agenc ies .  Ear ly  in  the  process  o f
deve lop ing  the  dra f t  PEIS,  scop ing  sess ions  were  a lso  he ld  w i th  the  pub l ic  in  Har r isburg  and
t t idd le town,  Pennsy lvan ia ,  and in  Ba l t imore ,  Mary land.  The comments  rece ived were  par t i cu la r ly
he lp fu l  to  the  s ta f f  in  unders tand ing  pub l ic  concerns  (see Sec.  1 .4 )  about  cer ta in  methods  o f
decontamination and waste disposal being proposed by the l icensee. Similar comments and many
more specif ic to the Draft PEIS (see Appendix A) rvere received during the public comment period
which  fo i lowed the  issuance o f  tha t  document  in  August  1980.  A f te r  pub l i ca t ion  o f  the  dra f t  PEIS
for  comment ,  the  s ta f f  he ld  31  meet ings  w i th  the  pub l ic ,  loca l  o f f i c ia ls ,  and in te res ted  organ i -
zations to obtain f irst-hand the comments and concerns of part icipants at these meetings and to
have an interchaoge of ideas.

One major  i ssue,  the  u l t imate  d ispos i t ion  o f  TMI -2 ,  i s  o f  in te res t  to  the  federa l ,  s ta te ,  and
loca l  governments  as  we l l  as  the  l i censee and the  pub l ic .  However ,  the  d ispos i t ion  o f  the
fac i l i t y - -whether  to  decommiss ion  or  res to re  i t  to  a  cond i t ion  acceptab le  fo r  l i censed opera t ion- -
i s  no t  v r i th in  the  scope o f  th is  s ta tement .  I f  a  dec is ion  to  decommiss ion  Un i t  2  i s  made be fore
decontaminat ion  o f  the  reac tor  bu i ld ing  is  fa r  a1ong,  i t  i s  poss ib le  tha t  d i f fe ren t  methods  and
chemicals would be used to speed the cleanup of some port ions of the p1ant, as opposed to those
tha t  migh t  be  chosen to  min imize  damage to  the  equ ipment .  Such poss ib i l i t i es  a re  cons idered in
Sect ion  2 .2 .  However ,  a  dec is ion  to  e i ther  res to re  o r  decommiss ion  the  fac i l i t y  wou ld  p robab ly
not occur unti l  a detai led inspection and engineering assessment is made of the nuclean steam
supply system and further information is known about i ts condit ion. To make this inspection

*The term "l icensee" on "Met-Ed" in this document refers to l4etropol i tan Edison Company, the
principal owner (50%) and operator of the plant; Jersey Central Power and Light Company, and
Pennsylvania Electr ic Company, each of rvhich own 25%.
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requires that the core be removed and the reactor cool ing system be decontaminated to a level
that wi l l  hot cause excessive radiat ion exposure to people either onsite o!" offsi te. However,
the staff has assessed in Section 2.2 the alternative of decommissioning even in the event a
decision to decormission is made eanly in '"he cleranup.

Oecontaminat ion  o f  the  aux i l ia ry  and fue l  hand l ing  bu i ld ings  began pr io r  to  the  Commiss ion 's
dec is ion  to  i ssue the  PEIS.  For  th is  reason,  some o f  the  d iscuss ion  in  Sec t ion  5  i s  h is to r ica l ,
and no alternative methods are presented for work already done. With regard to decontamination
effonts not yet undertaken, the staff has based i ts analysis on the l icensee's plans where they
are avai lable, as well  as alternatives that the staff has independently developed and assessed.
Cument estimates of economic costs for the proposed activi t ies and alternatives were not avai l-
able from i let-Ed or other sounces in t ime for inclusion in the draft statement. Cost est imates
are provided in this f inal statement.

To enable preparation of this document, specjf ic cutoff dates were selected upon which to base
the assessments. Changes in plant condit ions that may have occurred since those dates do not
mater ia l  l y  a f fec t  the  eva lua t ions .

L.2 HISTORY OF THE PLANT AND ITS PRESENT STATUS

0n November  4 ,  1969,  fo l low ing  a  pub l i c  hear ing ,  a  cons t ruc t ion  permi t  fo r  TMI -2  was issued by
the Atomic Energy Commission. An operating l icense for Unit 2 was issued on February 8, 1978.*

Between issuance of i ts operating I icense and l t larch 28, !979, TMI-2 had operated fon about 95
effect ive ful l-power days (or the equivalent of 3165 ItM-days per metric ton of low-enriched
uran ium ox ide) .  Pr io r  to  the  acc ident ,  the  un i t  had been opera t ing  w i thout  in te r rup t ion  s ince
March 7, 1979. At ful l  power, the THI-2 system would supply 890 I ' lW (2770 lM thermal) of electr ic
power to the ut i l i tyrs transmission system; together, the two unjts had a 1700-l ' l l rJ electr ic gener'-
at ing capacity. TMI-2 was operating at 97% power when the accident occurred.

Ttl I-2 has a pressurized-water reactor with the nuclear steam supply system (NSSS) provided by
Babcock & tJi lcox Company. Under normal reactor operation, the primary coolant water inside the
reactor vessel is maintained at around 575"F and 2200 psi.  Heat generated by the f ission process
within the reactor core is removed by means of the primary coolant to two steam generators where
steam is produced to openate a turbine.

lhe  reac tor  vesse l  and compone l l t s  (F ig .  1 .1 )  tha t  a re  exposed to  rad ioac t iv i t y  a re  loca ted  w i th jn
the  reac tor  bu i ld ing  (a lso  ne fer red  to  as  the  conta jnment  bu i ld ing) .  The tu rb ine  genera tor ,
feedwater  sys tem,  and e lec t r i ca l  genera t ion  equ ipment  a re  housed jns ide  the  tu rb ine  bu i ld ing .
The remaining support systems, e.g. the high-pressure inject ion pumps and the makeup and let-down
sys tems,  a re  loca ted  in  the  aux i l ia ry  bu i ld ing  ad jacent  to  the  reac tor  bu i ld ing  (F igs .  1 .2  and
1 .  3 ) .

A t  about  4 :00  a .m. ,  March  28 ,  L979,  a  ser ies  o f  feedwater  pumps in  the  tu rb ine  bu i ld ing  ' t r ipped '
(stopped operating), result ing in a turbine-generator tr ip and automatic shutdown of the reactor.
An increase in  p ressure  w i th in  the  pressur izer  ac t i va ted  the  p i lo t  opera ted  re1 ie f  va lve  (PORV) ,
which served to prevent overpressure of the primary coolant system by releasing steam. However,
after the primary syste:n pressure wa.q reduced to the PORV closur"e set point, the PORV fai led to
c lose .  The l igh t  on  the  cont ro l  roonr  pane l  ind ica t ing  the  P0RV s ta tus  showed tha t  e lec t r i c
cur ren t  to  the  PORV so leno id  had been te rmina ted ,  wh ich  wou ld  normal l . v  ind ica te  tha t  c los ing  o f
the valve had been accomplished. This inadequate and misrepresented information prompted the
openators 'uo  wnong ly  assume,  fo r  more  than two hours ,  tha t  the  PoRV had been c losed.  Dur ing  th is
t ime,  the  cont inua l  loss  o f  p r imary  coo lan t  and reduc t ion  o f  p ressure  in  the  sys tem,  coup led  w i th
the  opera tors '  shu t t ing  o f f  o f  the  h igh  pressure  in jec t ion  (HPI )  sys tem (wh ich  had been add ing
water to the primary system), led to a drop in the water 1eve1, uncovering some of the reactor
core .  Rupture  o f  fue l  rod  c ladd ing  was ind ica ted  by  the  re lease o f  excess ive  rad ioac t iv i t y  in to
the primary coolant as well  as the accumulation in the reactor vessel of hydrogen gas produced
f rom the  chemica l  in te rac t ion  be tween the  fue l  rod  z i rca loy  c ladd ing  and s team.  A f te r  in i t ia l
uncer ta in t ies  regard ing  the  presence o f  a  hydrogen bubb ie  in  the  reac tor  vesse l ,  and i t s  imp l ica-
t ions ,  fo rced coo l ing  v las  es tab l i shed a t  8  p .m.  on  Harch  28 ,1979.  0n  Apr i l  3 ,  1979,  the  decay
heat level was already down to 5 Mtr ' l  and the primary system was secured to operate at 281"F and
1050 psi with reactor coolant pump 1A. 0n Apri l  7,1979, the system pressure was further reduced

*TMI- } ,  loca ted  a t  the  same s i te ,  was  issued an  opera t ing  l i cense on  Apr i l  72 ,  1974.
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to  400 'ps i ,  and on  Apr i l  27 ,  1979,  coo l ing  th rough na tura l  rec i rcu la t ion  was es tab l i shed w i thout
the need of primary system pumps for operation.

A more detai led descript ion. of the accident and i ts consequences between t4arch 28 and Apri l  3,
!9]9t cq1 be found in the [Report of the President 's Commission on the Accident at Three Mile
Is land,ur  and "Three t l i l e  Is land:  A  Repor t  to  the  Commiss ioners  and the  Pub l ic . "2

As of December 13, 1980, TilI-2 had been shut down for 528 days and decay heat had decreased to
about 70 kll. The primary system tempenature was then about 120oF and prlssure was about 94 psi.
Decay heat was removed by natural recirculat ion, with the "A" steam lenerator steaming to ihe
main condenser and the reactor coolant system loops releasing heat to the reactor bui ld-ing atmo-
sphere. 0n January 5, 1981, the l icenseb stopped-steaming 1f,.  t tgtt  steam generator by shuit ing a
turbine bypass valve. This put the RCS in a " loss-to-ambient" mode of iool ing, which is thE
transfer of reactor decay heat from both RCS loops to the reactor bui lding ambient.3 The reactor
is subcrit ical,  with a substantial shutdown mangin below cri t ical i ty provicied by the reactor
control nods and bonon dissolved in primary coolant water.

Radioactive gases (pnimari ly krypton-85) contaminated the reactor bui lding atmosphere as a result
of the accident. 0n June 12, 1980, the Nuclear Regulatory Commission appioved the staff 's recom-
mendation that the l icensee be al lowed to decontaminate the bui lding atmosphere by control led
purging. lhe p-urging operation began on June 28, 1980, and was completed'on July 11, 1980,
removing approximately 44,000 Ci of Kr-85. The f irst entry into the reactor bui ldlng since the
accident was made by two Met-Ed personnel on July 23, 1980, and by December 13, 1980,-a total of
f ive entr ies into the reactor bui lding had been made to survey damage and acquire radiat ion data.
Th is  in fo rna t ion  is  d iscussed fu r ther  in  Sec t ion  5 .2 .

The rea_ctor bui lding is f looded to a depth of about 8 f t  with water containing radionucl ides
(about -500,000 C i ,  p r imar i l y  the  ces ium (Cs)  i so topes  137 and 134) ;  and most  o f lhe  approx imate ly
300,000 ftz of exposed surfaces are contaminated with a i ,hin 1a5rer of\radionucl ides (of the order
o f  0 .01  C i / f12 ,  p r imar i l y  Cs-137 and Cs-134) .

The auxi l iary bui lding was contaminated to a lesser extent by water and gas from the primary
sys ten  and the  reac tor  bu i ld ing .  A l l  o f  the  "acc ident "  water *  in  the  aux i l ia ry  bu i ld ing  has  been
processed,_ and the processing of water used in washing and f lushing of contaminated equipment
surfaces is continuing. As of December 1980, the surfaces of nearly al l  of the general 'areas in
the auxi l iary bui lding had been decontaminated, and decontaminatioir of the cubi l les containing
tanks and other equipment $ras about 80 percent complete. The level of atmospher'c contamination
was below the threshold for unrestr icted worker access.

1.3 SUt' l l i lARY 0F THE LICENSEETS OBJECTMS, PROP0SED ACTI0NS, AND SCHEDULE

The major  ob jec t ives  o f  the  l i censee 's  f i l I -Z  decontaminat ion  and de fue l ing  p lana are  to  ma jn ta in
the  reac tor  in  a  sa fe  s ta te ;  decontaminate  the  p lan t ;  p rocess  and immobi l i ze  d ispersed f i ss ion
products; and remove and dispose.of the reactor core, with maximum assurance of publ ic hea' l th and
sgfety. In Oecember 1979, Met-Ed estimated that.decontamination and defuel ing could be accom-
pl ished within a t ime span of about 2 to 2k year5 from working entry into the reactor bui lding,
g iven no .  unusua l  techn ica l ,  regu la to ry ,  po l i t i ca l ,  o r  f inanc ia l  con i t ra in ts ,4  a t  an  approx imate
cost of $400 mi I  I  ion. s

In Novenber 1980, Met-Ed extended i ts schedule by 28 monthsG to ref lect the impact of regulatory
cons t ra in ts  and approva l  p rocesses ,  and the  company 's  d imin ished ava i lab i l i t y  o f  funds  fo r
c leanup resu l t ing  f rom an order  by  t ie  Pennsy lvan ia  Pub l ic  Ut i l i t y  Commiss ion  to  cease us ing
opera t ing  revenues fo r  th is  purpose.T  In  cons idera t ion  o f  these deve lopments ,  the  u t i l i t y  com-
pany has also increased j ts est imate of the cleanup costs, including funds spent in 1979 and
1980,  to  $750 mi l l ion  ( in  1980 do l la rs ) .6

Accordingly, the l icensee has adjusted the cleanup efforts "to a level appropriate to the present
and ind ica ted  s i tua t ion  wh i le  be ing  care fu l  no t  to  adverse ly  impact  pub l i c  hea l th  and sa fe ty . r l
The objectives of i ts revised program8 are to:

1. l t laintain the p' lant in a safe condit ion with minimum but adequate operating personnei
and site support staff .

* ' rAcc ident "  water  i s  de f ined in  Sec t ion  L .6 .2 .L .
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2 Cont inue l im i ted  decontaminat ion  o f  the  Aux i l iany  Bu i ld ing  areas ,  l ines ,  tanks .

3. Continue activi t ies directed at cleanup of the reactor bui lding water (sump and reactor
coolant system).

4 .  Gont inue care fu l l y  se lec ted  p lann ing ,  eng ineer ing  and l i cens ing  ac t iv i t ies  a imed a t
. Reactor Bui lding decontamination, fuel removal, support of l icensing submittals. :

:
5. Support finalization of the Prognammatic Environmental Impact Statement (PEIS).

6. Continue developrnent of an appropriate Unit 2 Radiological Controls Program.

The rev ised schedule shown in F igure 1.4 represents the l icenseers p lanning schedule,  as of
November 7, 1980, for completion of the first two major phases of the effort at Tl4I-2 by the
spring of 1986. The licensee's third phase, reconstruction for operation, is not within the
scope of  th is  PEIS.

Phase I commenced shortly after the accident on l, larch 28, !g79, with plant cooldown. The key
events of  Phase I  inc lude auxi l iary bui ld ing decontaminat ion,  acc ident  water  processing,
krypton-85 purging fnom the reactor containment building, containment entry, construction of
additiona'l site support facil i t ies, and reactor building decontamination. Several. of these
act iv i t ies wi l l  extend in t ime past  the star t  o f  Phase I I .

Phase II wil l commence with preparation for reactor pressure vessel head removal. The primary
milestones for Phase II are reactor pressure vessel head removal, fuel removal, and completion of
the reacton coolant system decontamination.

The schedule wil l be significantly influenced by many factors that are not precisely known at
th is  t ime.  These inc lude,  but  are not  l imi ted to,  the exact  radiat ion envi ronment  and core
condi t ions encountered,  cont inuing f inancia l  l imi tat ions and regulatory act iv i t ies,  craf t  labor
and mater ia l  avai labi l i ty ,  avai labi l i ty  of  of fs i te  or  onsi te radwaste storage and processing,  and
avai labi l i t5r  of  of fs i te  d isposal  capabi l i ty  on a t imely basis .

1.4 PUBLIC CONCERNS

In planning this environmental staiement, members of the NRC staff held scoping meetings with
public officials and interested members of the pub!ic to provide them an opportunity to identify
subjects which should be addressed in the PEIS. These meetings were conducted at the locations
listed below on the dates shown:

Harr isburg ,  Pennsy lvan ia
Middletown, Pennsylvania
University of Maryland Balt imore Campus
Johns Hopkins University, Balt imore, l t laryland

January 29, 1980
February 12, 1980
February 15, 1980
March 20, 1980

The comments expressed at these sessions clearly revealed a general concern about some of the
possible decontamination methods and their potential impacts. Many people in the plant vicinity
indicated apprehension about the relat ively small  releases of krypton gas from the reactor bui ld-
ing  wh ich  occas iona l l y  occun and s ta ted  the i r  oppos i t ion  to  purg ing  the  gas .  0 ther  par t i c ipants ,
notably those who attended the megtings in Balt imore, were more concerned about the possibi l i ty
that releases of "accident waterrr to the r iver, even though largely decontaminated and great ' ly
di luted, might eventual ly be authorized by the NRC. Possible adverse effects on drinking water
supplies downstream and on the marketabi l i ty of Chesapeake Bay seafood vrere the primary concerns
re la t i ve  to  such re leases  o f  water  f rom TMI-2 .  The ava i lab i l i t y  o f  appropr ia te  d isposa l  s i tes ,
part icu' lar ly for high-level waste, also was questioned and a number of comments indicated opposi-
t ion to making Ttl I  into a permanent waste repository.

Addit ional subjects for consideration in the PEIS were identi f ied from transcripts of the meet-
ings and subsequent letters as fol lows:

. The geographic area evaluated shriuld include downwind and downstream areas to the extent
that they wi ' l l  be affected by any releases.

. There should be a central agency to receive and correlate al1 air,  water, and biot ic monj-
toring data.
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・ G001ogy ,hoⅢld be raddreSsed both a, relevttnt to hydrology and to st,raOe of waSt'‐matPriFl

at the site.                                                                      ■  ‐     |
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S and pOssible Cumulatjve effects on the biota
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, Indlpendent sources should be cOnsidered in determining which of the various alternative‐

口ethods should be used at varlous stages.

・ The bibliography should include the method,, designs, and authorities considered.

‐
・
合fSi:818獲t紺帯化品母噺選札辞ずd甘ずギth What are deterttnld to be acceptable leVd5

・
[l景sどか 淵 品網 i品 柵 脚 辞毛f協ど
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・ The psychological stress issue needs to be considered.

・ The impact of the restart of unit l should be consldered.

‐  ・ The role of primary and secondary safety systems in the cleanup operation should be mini‐

mlzed.

・ Releases that have occurred since the accident should be addressed.

・ ,ection on offsite exposure and health effects should be exPanded.

・ There should be coherence in the overa1l decontamination plan.

・ Acceptance by Department of Energy of ali wastes until they become ready for shipment should
be addre55ed.

・ Specific radiological effluent release criteria for the cleanup Process should be inc]uded,

・ In case Met― Ed does not have sufficient funds tO Complete the cleanup, the PEIS shOuld
ldentify other sources of funds and the authorizations needed.

・ Costs of alternative rnethods fOr decontamination should not be the basis for selection
versus 16WeSt environmental imPacti the usual cost― benefit balance, in which the benefitS of

electrical energy generated usually outweigh the environmental costs, iS not appropriate for
this PEIS.

Most of the above subJectS Were considered by the staff in its preparation of the Draft PEIS,
which was issued for public comment in August l♀:!,t8nie:taiを
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various types have been conducted since .the 1940s and a vast expanse of experience and technology
is avai lable- Decontamination operations have been accomplished in the laboratory, in in-reactoi
and out-of-reactor test loops, on tools and bui lding surfaces, and in entire nuclear neactor
coolent:,systems. l{any tests have been conducted to improve decontamination processes and tech-
niques, and these intprovements have been uti l ized on materials and equiprnent wherever radioactive
contaminat ion  is  found,  fo r  example ,  un ivers i t ies ,  hosp i ta ls ,  space sa te l l i tes ,  nuc lear  labora-
tories; operating nuclear reactors,,and fuel cycle faci l i t ies and laboratories.

The decontamination techniques employed can general ly be classif ied into the broad categories of
mechanical methods and chemical methods. The majori ty of cases usually require only the simpler
rnechan ica l  techn iques  s imi la r  to  those in  ond inary  housekeep ing ,  i .e . ,  w ip ing ,  b rush ing ,  sc rub-
bing vith on without detergents or scouring compounds, and wet or dry vacuuming. l ' lore complex
mechanical techniques include water f lushes, high-pressure water jets, surface-str ippable f i lms,
sandblasting, ultrasonic removal, and even contnol led removal of the actual surfaces of con-
taminated  ob jec ts .  Whi le  no t  s t r i c t l y  de f inab le  as  techn iques  fo r  decontaminat ion ,  immobi l i z ing
contanination with coatings or covering with shielding materials are often employed for radiat ion' level 

reduction.

Chemical decontamination techniques employ solvents to dissolve or suspend the radioactive con-
tamination. The solvents can lange frorn simple appl icat ions of water or water-containing deter-
gents to complex formulations containing Fequestering and chelat jng agents, surfactants, corro-
s ion  inh ib i to rs ,  ox id iz ing  or  neduc ing  agents ,  and inorgan ic  o r  o rgan ic  ac ids .  So lvents  have
been formulated to remove specif ic types of radionucl ides and for use on specif ic types of con-
taminated surfaces.

0econtamination experiences direct ly relevant to Tl. t I-2 are described in this section to indicate
the  ex ten t  to  wh ich  techn iques  and techno log ies  are  ava i lab le  and have been employed success fu l l y
( in many cases under condit ions much more severe) for the various types of decontam.inations that
can be anticipated for Tt ' l I -2. The relevant experiences inc' lude:

Entry into highly contaninated areas.

.  Examples  o f  bu i ld ing  and equ ipmeni  sur face  decontaminat ions  app l icab le  to  an t ic ipa ted
'  decontaminat ions  ins ide  the  TMI-2  conta inment .

.  C leanup and decontaminat ion  fo l low ing  fue l  sp i l l s  and core  fa i lu res .

. Oecontamination of entjre reactor coolant systems to remove radioactive corrosion
produc t  f i l rns  and absorbed f i ss ion  produc t  rad ioac t iv i t ies .

.  Post-decontamination operational history.

These exper iences  i l l us t ra te  tha t  the  bas ic  techno log ies  fo r  decontaminat ion  are  we l l  es tab l i shed
and tha t  ava i lab ' le  techn iques  can be  mod i f ied  to  su i t  the  cond i t ions  a t  TMI -2 .  App l icab le  expe-
rience in removing damaged fuel and core components is l imited, and development of techniques
specif ic to I l t l l -2 wil l  be required. Some of the past experience relevant to the TMI-2 situation
is  summar ized be low.

1 .5 .1  Exper ience w i th  In i t ia l  En t r ies  in to  H igh ly  Contaminated  Fac i l i t ies

The main  ob jec t ives  o f  the  in i t ia l  en t ry  in to  a  h igh ly  contaminated  fac i l i t y  a re  to  assess  bo th
the sources and magnitudes of the radiat ion f ields present and to determine the physical condi-
t ion of the faci l i ty and extent of damage so that the requirements needed for decontamination can
be es tab l i shed.  Thorough p lann ing  is  requ i red  to  e f fec t i ve ly  execute  the  in i t ia l  en t ry .

1 .5 .1 .1  Canad ian  NRX Reactor

A power surge in the NRX reactor occumed in 1952 causing fai lure of about 1.0% of the uranium
fue l  rods  and re leas ing  approx imate ly  10 ,000 C i  o f  f i ss ion  produc ts  to  the  coo l ing  sys tem,  w i th
subsequent spread throughout the reactor structure. The bui lding basement acted as a reservoir
for the highly r 'adioactive water, and as the various wetted surfaces dried out, airborne con-
tamination became a major problem. About. one mil l ion gal lons of radioactive water was generated,

Immediately after the incident, personn'el were sent into the reactor bui lding wearing masks and
protective-clothing to measune exposure rates. Rates of 10 roentgen per hour (R/hr) were
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neasured at the lower header room along concrete walls and f loors and on the basement area tral ls
and f loors. Rates at the upper area iei l ings, walls, and f loors were 50 mR/hr, with local hot
spots of up to 3 R/hr.

During decontarnination operations, improved pnocedunes for preparing personnel for entry into
radiat ion f ield work areas evolved. These included background seminars describing the incldEht
and del ineating wonk areas and cleanup objectives; training in the use of protective clothing tnd
equipment; use of mockups areas; use of closed-cincuit TV (CCTV) to p'review the contaminate{ ' '
area; and de_t^ai led descnipt ions of the work to be done, including procedures and estimated t i f i rs
requi red. 1o- r2

1 .5 .1 .2  Canad ian  l {RU Reactor

In lr lay 1958 during transfer of a fai led fuel rod from the NRU reactor to a refuel ing f lask, the
rod stuck, coolant teas lost and the fuel ignited. Port ions of the rod fel l  into a maintenance
p i t  whene i t  se t  f i re  to  mater ia ls  in  the  p i t .  The pont ion  o f  the  rod  tha t  fe l l  in to  the  p i t
con ta ined 200,000 cur ies  (C i )  o f  f i ss ion  produc ts .  Ava i lab le  mon i to r ing  ins t ruments  a t  the  p i i
vere offscale (> 1000 R/hr). Exposure rates. elsewhene were 1 R/hr near the fuel f1ask, 1000 R/hr
two ft  above the reactor, 2.5 R/hr in the west reactor hal l  wal ls, 100 R/hr on the f loor, and
30 nR/hr in off ices, conridons, and change rooms. Airborne contamination was too high to be
measured with accuracy. l{hen the uranium began burning, the main exhaust fan on the roof rvas
running but was shut off  i rnmediately to confine the contamination; nevertheless, some contami-
nation was later found up to 5000 ft  downwind.

A team of workers carrying buckets of wet sand buried the burning fuel in the pit  within 15 min-
utes, and the highest dose received was 5.3 rem. A team of 35 workers working in one-minute
shifts, using long-handled (24-f l)  rakes, hoes and shovels, raked the fuel rod onto a tray,
covered i t  with sand, and then removed i t  to a sol id-waste burial ground. Despite the high
radiat ion f ield (as much as 1000 R/hr), the average dose received was 1.4 rem and the maximum
individual dose was 6.4 rem. The record indicates that extreme care was taken in t iming each
exposure  and tha t  the  workers  took  advantage o f  a l1  ava i lab le  sh ie ld ing .  The c leanup was done
under emergency condit ions without benefi t  of detai led preplanning. 0uring the week after the
incident a systematic attack on the decontamination probi r was organized, and during the next
two months some 600 workers took part in the cleanup.ls

1 .5 .1 .3  SL-1  Reactor

0n January 3, 1961, a nuclear accident occurred at t l : . :  SL-1, a mil i tary reactor at the National
Reactor Testing Station (NRTS) in ldaho, result ing in fatal injuries to three reactor operators.
During the period from January 3 to Jar.. 'ary 10, an NRTS disaster plan was in effect for the
recovery of the three casualt ies anci for the assessment of the reactor shutdown condit ion. The
neactor core and pressure vessel rvere damaged beyond repair.  The reactor bui lding incurred only
minor damage but was grossly contaminated. 0nly insignif icant contamination was released to the
environment. Init ial  operations started within minutes of the accident and were l imited to
extremely short entr ies (seconds) for determining radiat ion levels and casualty recovery. Health
physicists wearing air packs measured exposure rates of 500 to 700 R/hr two ft  inside the reactor
room, 500 R/hr at the doorway to the operating f loor, 10 R,/hr in the control room, 250 mR/hr at
the bottom of the outside steps, and 100 mR/hr at the guard house. Recovery teams recovered the
first casualt ies yithin six days. Twenty-two persons received radiat ion exposures in the range
of  3  to  27 'R who le-body .

The second phase of the recovery operations was undertaken with the objectives of establ ishing
the nuclear status of the reactor core, assuring that a renewed nuclear excursion would not
occur, and planning for methods and equipment for the cleanup operations. This work included
rad ia t ion  sunveys ,  the  ins ta l la t ion  o f  neut rqn  and gamma moni to r ing  ins t ruments ,  v ie l r ing  the  top
of the pressure vessel head and the vessel interior to determine the condit ion of the core, and
determin ing  the  water  leve l  in  the  pressure  vesse l .  Because o f  the  concern  over  the  poss ib l l i t y
of reneued nuclear excunsions, al l  of these operations were performed by means remote to the
reac tor  bu i ld ing  in te r io r .  Th is  phase was conc luded in  Hay 1951,  w i th  the  de terminat !on  tha t  the
pressure vessel contained no water and that subsequent nuclear excunsions could be prevented by
keep ing  the  vesse1 dry . l r ' r s
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1,5:2 ,  Elpgi ignqe with Deiontaminat ion,of Eui lging, Inter ior gurfacel and Equipmgnt

l {e thods  and exper i tnce  w i th  rou t ine  low- leve l  decontaminat ion  are  we l l  documented.e '16 '1?  I tems
such as  too1s ,  equ ipment ,  wa1 ls ,  f loors ,  g love  boxes ,  and ho t  ce l l s  can  be  read i l y  decontaminated
in  p lace .  l los t  la rge  nuc lear  fac i l i t i es  no t  on ly  p rac t ice  in -p1ace decontaminat ion ,  bu t  a lso
have s -pec ia l  fac i l i t i es  to  wh ich  smal le r  con taminated  ar t i c les  can be  brought  fo r  decontaminat ion .

0etontamination of small  or completely contained but highly contaminated materials and equipment
a lso  is  rou t ine ly  conducted  in  the  nuc lear  indus t ry .  However ,  exper ience is  l im i ted  w i th  h igh-
level decontamination of bui lding interior surfaces and equipment where the corrtamination has
spread over  la rge  aneas such as  thg ,en t i re  in te r io r  sur faces  o f  a  reac tor  bu i ld ing ._ .

1 .5 .2 .1  Canad ian  NRX Reactor

Because o f  the  la rge  vo lumes o f  v ra te r  invo lved (1  mi l l ion  ga l lons)  in  the  NRX acc ident  and the
high activi ty (10,000 Ci),  the water was stored in the reactor basement. The basement contained
considerable equipment, including many instruments. The water was pumped through a pipel ine to a
disposal area_-lk miles away and al lowed to seep through the soi l ,  which very effect ively removed
the  ac t iv i t y .  12

The containment surfaces were decontaminated by use of the fol lowing procedrrres:

, ' . , i ,  .  F lush  w i th  water ,  and pump water  to  d isposa l  a rea .

.  F lush  w i th  h igh-ve loc i ty  ho t  water ,  somet imes w i th  de tergents .

.  Remove a1 I  poss ib le  equ ipment  fo r  d isposa l  o r  decontaminat ion  e lsewhere .

'  F lush  a  th i rd  t ime.  C lean or  sh ie ld  loca l  ho t  spo ts .  (A  "p inho le"  camera  us ing  bo th
l igh t -  and gamma ray-sens i t j ve  f i lms  was usefu l  in  f ind ing  ho t  spo ts . )

.  Decontaminate concrete by removing surfaces by means of f lame priming, chioping, sand-
'  b las t ing  and gr ind ing ,  us ing  a  vacuum sys tem to  remove the  dus t .  Sea l  in  any  remain ing

acti  vi  ty.

'  F in ish  sur face  decontaminat ion  by  scrubb ing  w i th  co t ton  w ipers  us ing  de tergents  and
acids. (This transfer technique worked better than scrubbing with brushes anrl
f l  ush i  ng .  )

.  Protect cleaned surfaces from recontamination by cover. ing with paper.

0ur ing  the  course  o f  the  decontaminat ion ,  ser ious  a i rborne  con iaminat ion  occur red ;  th is  was
corrected by improved venti lat ion, increased hygiene practice by the workers, and continuous
c lean ing  and mopp ing  o f  a l l  work ing  areas .  Inha la t ion  prob lems were  so ived by  c loser  cont ro l  o f
the use of respirators. Fol lowing decontamination the reactor was repaired and returned to
service 14 months after the incident. 12

I . 5 . 2 . 2  S L - 1  R e a c t o r

For  th is  opera t ion ,  phot ,ograph ic ,  mot ion  p ic tu re ,  p inho le -camera ,  and te lev is ion  p ic tu res  (many
obta ined remote ly  w i th  a  c rane)  were  used ex tens ive ly ,  t .ogether  w i th  the  rad ia t ion  measuremenis ,
to  assess  the  reac tor  cont l i t ion  and p lan  the  decontaminat ion  e f fo r t .  T ra in ing  w i th  mockups was
conducted, a control point estahl ished, equipment designed, and a nelv entry made to the fan room
to permit better access. Al l  operations were planned with the requirement of keeping water from
entering the reactor. Manual and rernote cleanup were used. Shieiding of the reactor head was
ins ia l led  remote ly ,  tanks  were  dra ined,  and a ' i l  l oose i tems were  removed.  Next ,  vacuuming and
sweeping were employed to reduce eiposure rates to the level at which the reactor vessel could be
removed to  a  ho t  ce l l  fo r  examinat ion  w i thout  incur r ing  excess ive  worker  doses .  Equ ipment  and
wall  sections were cut out and sent to a disposal area. Concrete support- columns were rernoved
us ing  a  bu l ldozer ,  and the  s tee l  re in fo rc ing  rods  were  cu t .  In  s l igh t ly  con tam. ina ted  ad jo in ing
bu i ld ings ,  w ip ing ,  vacuuming and the  use  o f  sur face-s t r ippab le  f i lms  were  su f f i c ien t  fo r  the
decontami  na t ion .  14 '  1s

ジ
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I . 5 . 2 . 3  S u n n y

The Sunry reactor steam generators, in Virginia, were removed in 1978 and 1979 because of mult i-
ple tube fai lures. Before carrying out the work, i t  was necessary to Jecontaminate the reactor
bu i ld ing  in te r io r  sur faces  and the  sump.

In i t ia l  rad ia t ion  leve ls  were  500 mR/hr  on  the  in te r " io r  bu i ld ing  sur faces  and 2  to  3  R/hr  in  the
sump. The decontamination was camied out by hot-water scrubbing with household abrasive deter-
gent. AII decontamination solut ions yere col lected and processed through the Surry plant waste
treatment system.

At the end of two weeks the residual radiat ion levels were reduced Lo 2 to 3 mR/hr on the sur-
faces, and 500 mR/hr in the sump. These low levels al lowed the programmed work otr the steam
genera tors  and pr imary  coo lan t  p ip ing  to  cont inue w i th  a  min imum exposure  o f  personne l .  The
decontaminat ion  work  resu l ted  in  a  dose o f  23  person- rem and invo lved 25  peop le .  In  add i t ion ,
400,000 pounds o f  lead  was ins ta l led  to  p rov ide  temporary  sh ie ld ing  in  the  heat  exchanger  ce l l s
to reduce exposure rates from 400 mR to about 40 mR/hr. Total cumuiative dose required to instal
I  the  sh ie ld ing  nas  143 person- rem.18

1.5 .3  Exper ience w i th  Remova l  o f  Damaged Cores

I ' lh i le  there  is  cons ic ie rab le  exper ience w i th  the  remova l  o f  s ing le  fa i led  fue l  e lements ,  exper i -
ence is  l im i ted  where  s ign i f i can t  core  damage has  been incur red .

1 .5 .3 .1  Canad ian  NRX Reactor

Af te r  a  cons iderab le  decontaminat ion  e f fo r t  was  comple ted  in  the  reac tor  bu j ld ing ,  par t i cu ia r ly
in  the  area  beneath  the  reac tor ,  e lec t r i ca !  and p ip ing  connect ions  were  renoved in  p repara t ion
for core removal.

Al l  undamaged fuel rods were withdrawn from the reactor. l4any others were fused togt:ther. An
attempt to pul1 out the defective fuel rods was unsuccessful because of breakage. The tops of
reactor concrete shjelds and top thermal shield were removed to provide greater access to the
fue l  rods .  Three fue l  rods  were  pu11ed us ing  a  cu t t ing  procedure .  The th i rd  rod  be ing  removed
in  th is  fas f . i cn  b roke and a l lowed rad ioac t ive  s ludge to  fa i l  in to  the  l rasement .  The remainder  o f
the fuel rods were grasped near the bottom and pul led out, with the vork crew no longer irying to
keep the  lower  por t ion  o f  the  ca landr ia ,  o r  vesse l ,  in tac t .  A l l  the  fue l  rods  were  pu l led  in to  a
standard fuel rod carrying f lask or fuel can and transported to a water trench leading to an
extraction p' lant.

The nex t  ma jor  opera t ion  was remova l  o f  the  ca landr ia .  The tank  was iso la ted  f rom the  coo l ing
sys tems,  r igged,  l i f ted ,  and p laced in to  a  la rge  canvas  bag fo r  con ta inment .  I t  then  was p laced
on a  sk id  and towed to  a  bur ia l  g round.  There  the  ca landr ia ,  w i th  rad ia t ion  leve ls  measured to
be about  700 R/hr ,  was  covered w i th  sand fo r  sh ie ld ing .

The who le  ca landr ia  remova l  task  was rehearsed us ing  a  nonrad ioac t ive  "dummy"  ca landr ia .  The
t ra ined remcva l  c rew was ab le  to  per fo rm the  d i f f i cu l t  remote  opera t ion  e f f i c ien t ly  in  about
3 0  m i n u t e s .  l o ' 1 2

1, .5 .3 .2  Enr ico  Fermi  I  Reactor

0n  0c tober  5 ,  i965 ,  the  Enr ico  Fermi  I  nuc lear  reac tor ,  in  Mich igan,  sus ta ined par t ia l  me l tdcwn
of  t ryo  fue l  assembl ies  as  the  resu l t  o f  coo lan t - f low b lockage.  An es t imated 10 ,000 C i  o f  f i ss ion
products was released to the primary coolant and reactor cover gas. Special wedging too' ls of a
chisel design were employed to break the bond between the two fused elements, and the elements
were removed from the core for examination. Decontamination operations were successful ano were
c l imaxed by  fu l l -power  opera t ion  on  October  16 ,  1970. le

1 .5 .3 .3  Canad ian  NRU Reactor

Fo l low ing  remova l  o f  the  fue l  rod  f ragments  descr ibed in  Sec t ion  I .5 .L .2 ,  a  la rge  c leanup e f fo r t
was organized. An emengency headquarters was set up with CCTV and public address systems to the
reactor hal l ,  and an emergency change room was establ ished. A vacuum systen with a cyclone-type
sand f i l te r  to  p revent  c logg ing  was used to  remove res idua l  fue l  debr is .  Th is  opera t ion  reduced
exposure rates to I  R,/hr per person and by ut i l iz ing 300 workers resulted in an average exposure
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of 1.5 R per pet 'son. l{et mopping Hith detergent and wiping, with some addit ional vacuuming,
provided the remainder of the cleanup. rg

1.5.4 gxperience witn Oec

Chenical decontamination experience to remove fuel fai lure debris, including fuel fragments, is
very l imited. 0nly one reactor, the Plutonium Recycle Test Reactor (PRTR), at Hanford, t{ashing-
ton, has undergone-such a deconiamination.e'20 

-

Ihe PRTR reactor system nas decontaminated in 1962 after the fai lure of an experimental fuel
elenent. Radiat ion levels were up to 250 R/hr at low spots.

There has been' l i t t le experience with removing fuel debris from large reactors; however, tests
have been conducted  on  a  number  o f  loops  and p i lo t  p lan ts .z l -zz  N i t r i c  ac id  was app l ied  a l te r -
na-tely sith sodium hydroxide at the decontamination of the Homogeneous Reactor Experinent at Oak
Ridge l{at ional Laboratory.s A variety of solvents have been applied to desorb and solubi l ize
f lssion products from meta' l  surfaces at the Idaho Chemical Processing Plant,26 indicating that
fue' l  removal technology is avai lable for appl icat ion at nuclear plants.

The removal of corrosion product oxide f i lms and accumulated sludge has been a continuing concern
of non-nuclear electr ical generating plants and chemical process industr ies for many years.
Hechanical and chemical cleaning processes have been used routinely, and systems are reiurned to
&L ive  serv ice  a f te r  hav ing  been c leaned.  These processes  are  genera l l y  app l i cab le  to  c lean ing
ouc-lear plants. The principles and experience have been improved and applied in the nuclear
porer industry where similar problems exist plus the added compl icat ion of radioactive impurit ies
incorporated into f i lms and sludges. In many cases the removal of the radioactive impurit ies are
the  pr imary  reason fo r  the  c lean ing  (decontaminat ion)  opera t ion .  The fo l low ing  case h is to r ies  o f
decontamination and retunn to active ;ervice are pert inent to TMI-2.

1 . 5 . 4 . 1  P R T R

As a  resu l t  o f  the  reac tor ' s  exper imenta l  fue l  e lement  fa i lu re ,  the  normal  cor ros ion  produc t
ox ide  f i lm absorbed a  por t ion  o f  the  f i ss ion  produc ts .  F i rs t ,  mechan ica l  remova l  o f  the  debr is
was accompl ished by  h igh-ve loc i ty  f lush ing  and f i l t ra t ion  fo l lowed by  dra in ing  and f lush ing
dead-1egs. Chemical removal of lhe oxides was then conducted using two applications of buffered
oxa l ic -perox ide  compounds.  F ina i l y ,  a lka l ine  permanganate  fo l iowed by  inh ib i ted  oxa l i c  ac id  rvas
app l ied  to  remove res idua l  f i ss ion  produc t  and cor ros ion  produc t  ac t j v i t ies .  The f ina l  exposure
rates were near 5 mR/hr and the entire decontamination sequence took ten days. A second ful l-
neac tor  decontaminat ion  was accompl ished in  th ree  days  us ing  a lka l ine  permanganate  so lu t ion
fo l lowed by  a  c i t r i c  and oxa l i c  ac id  mix tu re .e '2s-s r

1 .5 .4 ,2  Sh ipp ingpor t

The Shippingport,  Pennsylvania, pressurized-sater reactor (PWR) primary coolant system was chemi-
cal ly decontaminated in 1954 to remove corrosion product oxides and reduce radiat ion levels. A
tr i-step, modif ied, low-concentrat ion r lkal ine permanganate-citr ic acid treatment was used. The
tnrfque feature of this decontamination rvas the treatment of al l  chemical solut ions, f lushing
ri ter, and di lut ion weter by ion exchange so that no l iquid wastes were generated. Average
.dqcontamination factors of about 50 were achieved for the pipe wa11s and steam generators. As a
F l ru l t  o f  the  decontaminat ion ,  mod i f i ca t ions  to  the  pr imary  coo lan t  p ip ing  were  made w i th  min ima l
r l i lat ion exposure to personnel. The Shippingport reactor was returned to active servjce and has
tgirated to the present t ime.e'32
'1 .5 .4 .3  

N Reactor

The N Reactor at Hanford, Washington, is a larger and more complex system than a commercial Pl ' lR.
Th is  sys tem has  been success fu l l y  decontaminated  in te rna l l y  11  t imes to  remove the  cor ros ion
produc t  ox ides  and reduce the  raCia t ion  leve ls  a t  the  reac tor  face  work ing  areas .  ln  each
ins tance,  an  inh ib i ted  phosphor ic  ac id ' las  employed.  Subs tan t ia l  reduc t ions  in  rad ia t ion  leve ls
rere achjeved, and the decontamination procedure has become an annual routine that poses no
serious problems to reactor operations.:13-3s

/

/
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1.5.4.4 SGllttR Prototype

Both primary loops of the Steam Generating Heavy lJater Reactor (SGHI{R), Hinfrith, England, were
decontaminated in 1964 and 1971 using a citric and oxalic acid compound and since then have been
decontaminated alnost on an annual basis. In this case, a citric and oralic acid conpound was
chosen because the primary concern was the removal of radioactive corrosion product oxides. In
each case the total decontamination took six days. This included the chemical contacts, the
init ial preparations, and the rinses. i lore than 90 percent of the activity was removed in the
first chenical contact. The decontamination factors of from 1.3 to 39 yene achieved. The reactor
system ras returned to senvice sith no subsequent problems.s6

1 .5 .4 .  5  BR-3

A two-step decontamination process vas carried out in 0ctober 1975 in the BR-3 reactoF in lt lol,
Belgium, to reduce the nadiation levels, facil i tate steam generator inspection, and provide
access for eventual repairs if required. The decontamination chemicals used were alkaline per-
manganate followed by a citric and oxalic acid mixture. A total of about 230 Ci of corrosion
product activit ies was removed, and the steam generator radiation levels were reduced from an
init ial value of 10 R/hr to an average of 7O to 80 mR,/hr.

1.5.4.6 L ingen Power Plant  (KIJL)

Several crit ical components of the primary coolant loop of the K}JL reactor in the Federal Repub-
lic of Gernany were removed and decontaminated in 1970. The decontamination solutions used were:
(a)  0.2S percent  oxal ic  ac id + 0.25 percent  c i t r ic  ac id,  (b)  0.2 percent  Na0H + 0.2 percent
Kl,ln0a, folloued by (c) 0.25 percent oxalic acid + 0.25 percent citric acid. Decontamination
factors of 3 to 120 were reported, and most of the radioactivity removed was cobalt (Co)-60.37

1 .5 .4 .7  SENA

The Societe d'energie Nucleaire Franco-Belge des Ardennes (SENA), Chooz, France, pressurized-
water plant was decontaminated in 1968 to facil i tate repairs, after 2400 equivalent full-power
hours. Four steam generators and associated parts of their primary ' loops 

were decontaminated for
the removal of radioactive corrosion products using q two-step process. The first step consisted
of cinculating alkaline permanganate solution. This' 'was followed by a 6 percent solution of
citric acid and oxalie acid. Decontamination factors ranging from 16 to 107 were achieved at the
steam generator in' let and outlet.38

1.5.4.8 Douglas Point  Reactor

A recent development in decontamination invoives use of dilute solutjons and regeneration of
these solutions rvhile in use with a strong acid cation exchanger in the H+ form. This process
was used on the Douglas Point heavy-water-cooled P\,lR at Tiverton, 0ntario, Canada. The decon-
tamination solution used was a mixture of citric acid, oxalic acid and ethylenediaminetetraacetic
acid (EDTA).3s'{0 The decontamination factors realized ranged from 4 to 10, and it is estjmated
that 150 to 180 person-rem dosage was avoided during the maintenance work as a result of the
decontami nation.

More recently, the process has been used to decontaminate a portion of the reactor water cleanup
system and let-dovrn heat exchanger of the Vermont Yankee Reactor and Brunswick Reactor plants,
located in Vermont and l{orth Carolina, respectively.

1.5.5 Environmental Impact

1.5.5.1 Occupat ional  Ooses

The principal environmental impact of the decontamination operations discussed above has been the
occupational doses incurred by the personnel conducting the decontaminations. For those decon-
taminations where significant quantit ies of radioactive materials escaped the reactor cooling
system into the reactor  bui ld ing ( i .e . ,  NRU, NRX, and SL-1) ,  the tota l  occupat ional  doses were
700, 250, and 998 person-rem, and involved 500, 200, and 463 people, respectively. The maximum
total individual exposure to decontamination personnel was 19 rem.
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f . 5 . 5 . 2  0 f f s i t e  D o s e s

During.the,subsequent decontamination efforts of even the more severe accidents reported in the
preceding text, there rrere no measurable offsi te doses. However, in some cases the offsi t" dos"
was not measured.

1 .5 .5 .3  l {onrad io log ica l  E f fec ts

The most signif icant nonradiological environmental impact of the discussed decontaminations was
the  use o f  mater ia ls  and energy  to  comple te  the  work . ' In  compar ison to  the  fac i l i t i es  recovered
and_ the occupational doses avoided, ihe use of the materials and energy was insignif icant.
l{astes generated vere removed to exist ing radioactive waste disposal si ' les and the" aooit ional
volume had insignif icant environmental impact.

1 .5 .5  Compar ison w i th  TMI-2

l ' luch of the experience on decontamination has been with systems smaller than Tl4I-2 in volume and
surface area. However, gros-s contamination and radiat ion f ietOs have been greater fottowing the
accidents. at NRX, NRU,.and SL-1- than expected-at Tl i l l -2 (based on analyses of samples of simp
water and on the extent of surface contamination of small  areas which-were r ,yed from th6
reac tor -bu i ld ing) .  F rom-swipe  s -amples  taken dur ing  the  reac tor  bu ' i l c l ing  en t r ies  to  da te ,  no
part iculate uranium or other fuel debris have been ietected. The surfaces are contaminated with
so lub le  f i ss_ ion  produc ts ,  p r imar i l y  Cs-134,  Cs-137,  5 r -89 ,  and Sr -90  wh ich  leached f rom the
breached fuel into the water and were subsequently distr iodteo throughout the containment. past
experience in decontaminating reactor bui ldings 

- indicates 
that eariy removal of al l  loose

ob jec ts ,  water  wash ing , -and_ i .q rub_! !1e-  w i l l  s ig -n i f i can t ly  reduce th is -contaminat ion .  Exposure
ra tes  a t  the  f loor  leve ls  o f  the  TMI-2  reac tor :bu i ld ing , -exc lud ing  "ho t  spo ts , ' ,  a re  es t imated  to
range from 250 to 500 mR/hr. Decontamination of the Slrry reacto-r containment in 1979 was per-
formed at exposure rates of up to 500 mR/hr (see Sec. 1.5.2.r.

The f irst laj-or dif fe_rence-_at Tl '1I-2 from.past experience is that the reactor bui lding at TMI-2
contained 44,000 Ci of Kr-85, which restr idted aciess to the containment bui lding for"more than a
year after the accident..  At al l  the previous accidents, the workers began reco"very operations
i .mmedia te ly  and go t  the . job  done qu ic i l y  and e f fec t i ve ly .  t J i th  passage"o t  t ime s i i ce ' the  acc i -
dent, there is concern that the surface contamination is becomind morddiff icutt to remove. The
!99o!d major dif ference is that 700,000 gal lons of contaminated water remain at the bottom of the
Tft l l -2 reactor bui lding. The problem is iurther complicated by the large quanti t ies of sodium in
the Tl l I-2 water. lJaste disposal requirements are much more restr ict ivi  and complei than for past
experience.

Experience at other nuclear faci l i t ies in removing damaged fuel and core components has been
ra ther  l im i ted ,  and much o f  the  ex is t ing  exper ience is  no t  d i rec t l y  app l i cab le ' to  TMI-2 .  perhaps
the most appl icable experience occurred at the NRX reactor in ca-nadi. The NRX experience has'
shoYn tha t  d i f f i cu l t  de fue l ing  opera t ions  can be  comple ted  in  a  reasonab le  length 'o f  t jme w i th
fair ly low occupationa' l  nadiat ion exposure. The important lesson from NRX is-that detai led
planning and the use of mockups fcr training can be very beneficial in reducing the occupat. ional
exposure.

Other plants have had fuel removed after severe damage; general ly these incidents have involved
on ly  a  s ing le  o r  a  fen  fue l  assembl ies .  For  the  mos i  pa i t  these fue i  assembl ies  have been con-
s t ruc ted  o f  s ta in less  s tee l -c lad  uran ium neta l  fue l .  The TMI-2  fue l  j s  qu i te  d i f fe ren t  in  tha t
the  fue l  i s  u ran ium ox ide  pe l le ts  w i th  z i rca loy  c ladd ing ,  wh ich  is  more  suscept ib le  to  ox ida t ion
and embrit t lement.

Decontamination of the reactor cool ing system to remove residual fuel debris and f ission products
can be  accompl ished w i th  we l l -es tab l i shed techn iques .  Based on  PRTR exper ience,  i t  p robab ly  w i l r
be necessary to remove the. corrosion -product f i lms because the f ission producis may have been
absorbed in to  them.  Renov ing  tJ rese  f i lms  can be  accompl ished read i l y  w i th  ex js t ing-so lvents ;  in
cont ras t ,  aged f i lms  are  somet imes d i f f i cu l t  to  remove.  For  th is  ipec ia l  decontaminat ion ,  i t
m igh t  be  necessary  to  deve lop  a  spef ia l  ox id iz ing  so lvent  to  cond i t jon  the  cor ros ion  produc t
f i lms  ( rep lac ing  the  convent iona l  a lka l ine  permanganate  so lvent )  and a t  the  same t ime d isso lve
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the residual uranium oxide fuel debris. Two major obstacles to the reactor coolant system decon-
tamination are currently evident:

.  I f  s ign i f i can t  fue l  c ladd ing  ox ida t ion  has  occur red ,  inso lub le  Z i rcon ium d iox ide  (Zr0z)
could be distr ibuted throughcut the reactor coolant system. Hydrofluoric acid, one of
the few Zr02 solvents, is too corrosive to be used as a general decontaminant; there-
fore, the Zr02 wil l  have to be renoved by mechanical means.

. Commercial nuclear power plants are not designed with special considerations for 
' large-

scale decontamination operations.

1.6 REGULATORY REQUIREi,IENTS, OTHER CONSTRAINTS, AND FUTURE CRITERIA

The NRC is responsible for the regulat ion of Tl4I-2 cleanup operations to ensure protection of the
hea l th  and sa fe ty  o f  the  pub l ic .  In  l ine  w i th  th is  respons ib i l i t y ,  the  s ta f f  has  conc luded tha t
expedit ious decontamination of Tl ' l I -2, including removal of the fuel from the accident-damaged
reactor, and disposit ion of the radioactive wastes are necessary. For this reason, for al l
post-accident operations at TMI-2 the NRC has maintained the fol lowing regulatory objectives:

(a) l4aintain reactor safety and reactor bui lding integri ty,

(b) Assure that environmental impacts are minimized, and that radiat ion exposures to
workers, to the public, and to the environment are within regulatory l imits and are as
lov as reasonably achievable (ALARA),

(c) Assure the safe defuel ing of the reactor and storage of the fuel,  and

(d) Assure the safe col lect ion, packaging, storage and/or disposal of radioactive wastes
from the decontamination activi t ies.

Imp lement ing  c leanup ac t iv i t ies  i s  the  respons ib i l i t y  o f  the  l i censee.  However ,  NRC's  ro le  in
the decontamination operations may change i f  the l icensee should go bankrupt or othertr ise default
on i ts obl igation to decontaminate the TMI-2 faci l i ty. NRC's objectives in the cleanup opera-
t ions vrould remain the same because of i ts mandate to protect publ ic health, safety, and the
envi ronment.

In  th is  sec t ion ,  cur ren t  regu la to ry  requ i rements ,  cons t ra in ts ,  and c r i te r ia  a re  d iscussed.
Future cri teria pertaining to the cleanup of TMI-2 are also proposed. These topics include
rad io log ica l  requ i rements  (occupat iona l  exposure  l im i ts ,  rad ioac t ive  e f f luen t  l im i ta t ions ,  and
radioactive waste disposal requirements) and nonradiological requirements (sewage and industr ial
wastevrater discharge, and dredging permits).

1.6.1 Regulatory Requirements

Current regulatory requirements affect ing the TMI-2 cleanup ac'- ivi t ies include the applicable
prov is ions  o f  10  CFR Par ts  20 ,  30 ,40 ,  50 ,  70 ,  and 71  o f  the  Commiss ion 's  Regu la t ions l  the  te rms
and condit ions of Tf,t I-2 Operating License No. DPR-73; and the terms and condit ions of several
Conrmission orders and actions relevant to the postaccident stage of TMI-2 and ref lect ing the
nonoperab le  cond i t ion  o f  the  fac i l i t y .

1 .6 .1 .1  10  CFR Par t  20  and Par t  50

10 CFR Part 20, Standards for Protection Against Radiat ion, establ ishes standards for permissible
doses ,  leve ls ,  and concent ra t ions  o f  rad ia t ion ,  p recaut ionary  p rocedures ,  and waste  d isposa l .
Sections 20.101 through 20.L04 relate to occupational exposure, and indicate the permissible
doses of radiat ion and levels and concentrat ions of radioactive materials in air and vater to
wh ich  ind iv idua l  rad ia t ion  yorkers  may be  exposed.  Depend ing  on  cond i t ions ,  these regu la t ions
al low maxinum individual occupational doses of 3 nem per quarter to the whole body, head and
trunk and active blood-forming organs, lens of eyes, or gonads; LA'3/4 rem per quarter to the
hands and forearms or feet and ankles; and 7-l /2 rem per quarter to the skin of the whole body.

Limitat ions also are placed on the user of respiratory protection and the concentrat ions of radio-
active materials in air and water in restr icted aneas where workers may be occupational ly exposed.
These concent ra t ions  fo r  ind iv idua l  rad ionuc l ides  are  spec i f ied  in  Tab le  I ,  Co lumn 1  o f  Appen-
dix B to 10 CFR Part 20. Addit ional restr ict ions on the concentrat ions of radioactive material
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in effluents to unrestricted areas are contained in Table II of Appendix B to 10 CFR Part 20.
Fonnulae and procedures for applying these concentrations to mixtures of radionuclides also are
speci f i ed.

Sections 20.301 through 20.305 deal with disposal of solid, l iquid, and airborne wastes. These
sections establish standards and procedures governing disposal of wastes by (1) transfer to
authorized recipients, (2) release to sanitary setage systems, (3) burial in soil, and (4) other
methods approved on a case-by-case basis. Specific approval is required for disposal at sea and
:incineration of wastes, as well as for other disposal activit ies that do not meet the generally
prescnibed cniteria. Generally, wastes discharged to sewage systems must be soluble or dis-
persable in yater and meet the concentration and quantity l imits (e.9., 1 Cilyr) specified in
Section 20.303.

Appendix'I to 10 CFR Part 50 provides numerical guides to meet the ALARA criterion of 10 CFR
Part 20 for releases of radioactive materials in l iquid and gaseous effluents to unrestricted
areas; The numerical guidelines of Appendix I to 10 CFR Part 50 have been selected as the appro-
priate effluent discharge limits for the cleanup operations and are reflected in Appendix R.

1.-6-L.2 10 CFR Parts 30, 40 and 70

Conmercial land burial facil i t ies presently are l icensed on a case-by-case basis under 10 CFR
Parts 30, 40, and 70, or equivalent regulations in the case of Agreement State 

' l icensing 
actions.

Such facil i t ies must be located on federal- or state-orvned land under the provisions of 10 CFR
Sect ion 20.302(b) .

NRC intends to allow the disposal of TMI-2 wastes at existing disposal sites provided that the
nisk to the public (both present and future generations) is similar to that presentecl by disposal
of wastes routinely generated and disposed of at those disposal sites. C1ear1y, the existing
disposal site requirements would need to be met.

At Tl,l l-2, organic resin wastes wil l be generated. The upper levels of the bulk specific activity
organic resin wastes routinely generated at other nuclear power plants have been on the order of
1 to 10 Ci l f ts  of  Cs-137 tota l  act iv i ty .  In  th is  range of  speci f ic  act iv i t ies the res ins v i l l  be
exposed to approximaiely 108 rads after 300 years, or ten half-l ives^ of Cs-137, assuming all of
thb energy is-absorbed in the waste form. Af exposunes of 108 to 10e rads, organic resins could
undergo s igni f icant  decomposi t ion,  which could resul t  in  increased mobi l i ty  of  the col lected
radionuclides, gas evolution, and potential acid formation. Therefore, to ensure adequate radia-
t ion stabi l i ty  of  the organic res in over  ten hal f - l ives,  res ins having bulk speci f ic  act iv i t ies
greater than 10 CilfLa wil l undergo specific evaluations to ensure that radjonuclide mobil ity and
other impacts within the waste container are minimized over the hazardous l ifetime of the wastes.

Some of the TtlI-2 wastes fail to fit established patterns for nuclear power plant wastes. There-
fore, the proposed Tl''!I waste forms need to be separately assessed by the NRC with respect to the
objectives of the proposed 10 CFR Farts 50 and 61. The assessnents of these nonroutinely gener-
ated wastes can best be performed on a case-by-case basis since there are many uncertainties
regarding the characteristics of the Tl4I-2 wastes, and the processing and disposal options which
are appropriate must be individually determined.

Until the uncertainties of the waste characteristics are resolved, non-routinely generated wastes
yrould have to be retrievably stored. The waste container designs would be required to provide
mechanical and structural stabil ity over the intended storage period, during onsite and offsite
handling, and throughout the tnansportation phase.

For wastes found to be unacceptable for routine disposal at the existing burial sites, more
sophisticated disposal methods would be required. These methods might include additional con-
tainer requirenents, different waste processing modes, modifications to routine burial methods
and procedures, or disposal in a high-level-waste repository.

The NRC staff intends to address the disposal criteria for nonroutine wastes on a case-by-case
basis, giving consideration to the waste forms proposed by the l icensee, This approach ensures a
suita5le bas-r-s on which to continue to protect the public health and safety and the environment
and at the same time offers the l icensee adequate flexibil i ty in processing and package designs.

In addition to critenia placed on TilI-2 wastes based on the staff assessments, specif-ic require-
ments based on Commissioh orders neeol to be complied with. As an example, the Commission has
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ordered that EPIC0R-II resins rnust be solidif ied prior to shipment offsite. This order is com-
patible with recently imposed disposal site l icense conditions at the Hanford, l lashington, and
Barnvell, South Carolina, burial sites requiring that after Jurre 30, 1981, all resins having
speci f ic  act iv i t ies greater  than 1 n icrocur ie per  mi l l i l i ter  (1 yCi , /ml)  (0.028 Ci / tL3)  for  iso-
topes with half-l ives greater than five years must be stabil ized by solidif ication. The Barnwell
site, houever, wil l also consider disposal of dewatened resins in a high-integrity container. A
high-integrity container is one which rvil l  maintain its mechanical and structural characteristics
over the hazardous l ifetime of the wastes.

1.6.1.3 10 CFR Part  71

NRC regulations on the packaging and transport of radioactirre materials are contained in 10 CFR
Part 71. This part also points out the applicabil ity of regu.lations of the Departnent of
Transportation (D0T) regarding radioactive material shipments. All shipments of radioactive
materials--sources, samples, fuel, and wastes--wil l be made in accordance with this part and
applicable DOT regulations (49 CFR Parts 170-189).

1.6.1.4 TilI-2 0perating License, Cornmission Statements and 0rders Related lo TMI-2 Cleanup

Several Cormission Statements,Orders and amendments to the TMI-2 Facil ity Operating License
(DPR-73) have been issued :ubsequent to the l larch 28, 1979, accident. The folloving l ist is a
suirnary of these actions.

Date

May 25, 1979

,wly 2o, 1979

0ctober 16, 1980

0ctober 18, 1979

October 26, 1979

常ovember 21, 1979

February ll, 1980

March 12, 1981

Apri1 7, 1980

Descript i  on

Statement - preparation of an Environmental Assessment for the operation of
the EPICOR-2 system. Prohibited the discharge of accident-contaminated
waten.

Order for l , lodif icat ion of License - Authority to operate faci l i ty suspended,
l i censee to  ma in ta in  fac i l i t y  in  a  shutdown cond i t ion  in  accordance w i th
approved operating and contingency procedures.

l4emorandum and 0rder-Conmission approved operation of EPICOR-II system and
prov ided i t s  ra t iona le  fo r  th is  dec is ion .

Order for t lodif icat ion of License --Authorized operation of EPIC0R-II system,
added technicalS. specif icat ions requir ing monitoring of EPIC0R-II discharge
paths, required l icensee to rnaintain tankage at Tlt l l - l  for possible storage of
waste waten from Tll I-2, and prohibited offsi te shipment of spent resins unti l
approved by the Director of NRR.

Clari fying Amendment to Order for i lodif icat ion of License - Stated that a
hearing is not necessary prior to operation of EPICOR-II.

Statement of Pol icy and Notice of Intent to Prepare a Programmatic Environ-
mental Impact Statement - Stated that the Commission had decided to prepare a
programmatic environmental impact statement on the decontamination and djs-
posal of radioactive wastes result ing from the March 28, 1979, accident at
Three i ' l i l e  Is land Un i t  2 .

Order - Issued new proposed Technical Specif icat ions which superseded al l
pre-accident Appendix A Technical Specif icat ions and Appendix B Technical
Spec i f i ca t ions  5 .L ,  5 .2 ,  and 5 .3  wh ich  spec i f ied  the  l i censee 's  p re-acc ident
management organization.

License Amendment No. 10 - Formally amended l icense to add provisions of
0ctober 18, 1979, EPICOR-** 0rder for Modif icat ion of License.

Approved - Interim Criteria for Radiological Eff luents from Ti ' l I -2 Data
Gathering and l4aintenance Operations.



Date

Jun1 12, 1980

3une 12, 1980

June 24, 1980

Augu,こ 11, 1980
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0escr ip t ion  : -

l lemorandum and 0rder - Commission aPProved decontamination of the reactotr
bui lding atmosphere by control led purging to the atmosphere and provided i ts
ra t iona le  fo r  th is  dec is ion .

0rder for Temporary Modif icat ion of License - For duration of reactor bui ld-
ing  punge,  de le ted  cer ta in  sec t ions  o f  Append ix  B  Techn ica l  Spec i f i ca t ions
which l imited gaseous eff luent releases based upon Curies/second and imposed
limits based upon exposure.

License Amendment No. 11 - Permitted bypassing of the interlocks from certain
rad ia t ion  mon i to rs  dur ing  purg ing  o f  the  reac tor  bu i ld ing .

f l lodif icat ion of 0rder - Deleted proposed Technical Specif icat ions operabi l i ty
requirements (which has been imposed by the 0rder of February 11, 1980) for
the balance of plant diesel generators and the 13.2 kv circuit  from the
Midd le town Junc t ion  Substa t ion .

September 26, 1980 Statement of Pol icy - Emphasized most strongly that al l  of our health, safety

-  and env i ronmenta l  requ i rements  app l i cab le  to  Three Mi le  Is land Un i t  2  must  be
'  

fu l l y  compl ied  w i th  by  Met  Ed.  A lso  s ta ted  tha t  in  the  event  o f  any  conf l i c t ,
,  NRC health, safety and environmental requirements must supersede State agency

requ i rements  tha t  resu l t  in  a1esser  degree o f  p ro tec t ion  to  the  pub l ic .

Novenber 14, 1980 Amendment of 0nder - Added proposed Technical Specif icat ion openabil i ty
requirements for the Mini Decay Heat Removal System and deleted proposed

,  techn ica l  Spec i f i ca t ion  operab i l i t y  requ i rements  fo r  cer ta in  ba lance o f  p lan t
equipment no longer required with addit ion of MDHRS.

Januarv 29. 1981 License Amendment No. 12 - Revised l icense condit ion 2.E(3) so that tankage
to store waste water would no longer be required to be reserved in TMI-1 but
would rather be required to be reser'ved in TMI-2'

1 .6 .1 .5  Order  Regard ing  Proposed Techn ica l  Spec i f i ca t ions

By Order of the Director, NRR, dated February 11, 1980, a new sei of formal l icense requirements
wls  imposed to  re f lec t  the  pos tacc ident  cond i t ion  o f  the  fac i l i t y  and to  ensure^ the  cont inued
main tenance o f  the  cur ren t  s i fe ,  s tab ' le ,  long- te rm coo l ing  cond i t ion  o f  the  fac i l i t y
(45 F.R. L1282). The requirements:

(1) Define operating panameters for the current safe, stable, long-term cooling mode for
the  fac i i i t y  (de f ined as  the  recovery  mode) ,  and de le te  a l l  o ther  permiss ib le  opera t ing
modes so ai to assure that operation of the faci l i ty in other than the stable shutdown
condit ion of the recovery mode is precluded;

(2 )  Impose func t ionat ,  operab i l i t y ,  redundancy  and surve i l lance requ i rements  as  we l l  as
safety l imits and l imit ing condit ions with regard to those structures, systems, gq_uip-
ment 

-and 
components necessary to maintain the faci l i ty in the current safe, stable,

shutdown condit ion and to cope with foreseeable off-normal condit ions;

(3 )  Proh ib i t  ven t ing  or  purg ing  or  o ther  t rea tment  o f  the  reac tor  bu i ld ing  a tmosphere ,  the
discharge of water decontamjnated by EPIC0R-II system, and the treatment and disposal
o f  h igh : Ieve l  rad ioac t ive ly  contaminated  water  in  the  reac tor  bu i ld ing ,_unt i l  each o f
theseac t iv i t ies  has  been ipproved by  the  NRC,*  cons is ten t  w i th  the  Commiss ion 's  S ta te -
ment of Pol icy and Notice of Intent to Pr€pare a Programmatic Environmental Impact
Sta tement  (44  F .R.  67738)  (see Append ix  B  o f  th is  document ) .

*By Memorandum and Order, dated June 12, 1980, the Commission gave the approval contemplated by
this restnict ion insofar as necessary for the l icensee to conduct a purging of the TMI-2 reactor
bui lding in accordance with procedures approved by the NRC.

才
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These requirements : iere set forth in a new set of proposed Technical Specif icat ions contained in
an attachment to the Order.

Sec t ion  6 .8 ,  Procedures ,  o f  these Techn ica l  Spec i f i ca t ions  requ i res  tha t  the  l i censee sha l l
es tab l i sh ,  imp lement  and main ta in  wr i t ten  procedures  cover ing  the  fo l low ing  ac t iv i t ies :

a .  The app l icab le  p rocedures : recommended in  Append ix  "A"  o f  Regu la to ry  Gu ide  1 .33 ,  Rev i -
sion 2, February 1978. l

b ,  Recovery  0pera t ions  P lan  imp lementa t ion .

c. Survei l lance and test act ivi t ies of safety related, e-quipment and radioactive vraste
management equipment.

d .  Secur i ty  P lan  imp lementa t ion .

e. Emergency Plan implementation.

f .  Rad ia t ion  Pro tec t ion  P lan  imp lementa t ion .

S. Recovery l4ode implementation. (Specif ical ly Recovery Hode procedures which involve a
reduc t ion  in  the  marg in  o f  sa fe ty ,  inc lud ing  those wh ich : )

'  1 .  D i rec t l y  re la te  to  core  coo l ing .

2 .  Cou ld  cause the  magn i tude o f  rad io log ica l  re leases  to  exceed l im i ts  es tab l i shed by
the NRC.

3 .  Cou ld  inc rease the  l i ke l ihood o f  fa i lu res  in  sys tems impor tan t  to  nuc lear  sa fe ty
, : ' .  and radioactive waste processing or storage.

4 .  A l te r  the  d is t r ibu t ion  or  p rocess ing  o f  s ign i f i can t  quant i t ies  o f  s to red  rad io -
activi ty or radioactivi ty being released through known f low paths.

Pending approval by the NRC of writ ten procedures required by a. through g. above, the l icensee
shal l  fol  low the previously approved procedunes.

Each procedure above, and changes thereto, shal l  be reviewed by the Plant 0perations Review
Committee and approved by the Manager Site 0perations prior to implementation and reviewed peri-
odical ly as set forth in administrat ive procedures. Each procedure of b. and g. above, and
changes thereto, shal l  be submitted to the NRC pnior to implementation; these procedures, and
changes thereto, shal l  also be subject to approval by the NRC prior to implementation. The
Manager  S i te  0pera t ions  sha l l  have respons ib i l i t y  fo r  de termin ing  wh ich  procedures  are  in  the  b .
and g. category.

Temporary changes to procedures a., c. ,  d. ,  €. and f.  above may be made provided:

a .  The in ten t  o f  the  or ig ina l  p rocedure  is  no t  a l te red .

b. The change is approved by two members of the unit management staff,  at least one of
whom ho lds  a  Sen ior  Reactor  Opera tor ' s  L icense on  the  un i t  a f fec ted .

c. The change is documented, reviewed by the Plant 0perations Review Committee and
approved by the Manager Site 0perations within 14 days of implementation.

Tenporary changes to procedunes of b. and g. above may be made pnovided the provisions above are
;at isf ied and the change is submitted to the NRC for review within 72 hours fol lowing approval by
the l lanager Site Operations.

1 .5 .1 .6  EPIC0R I I  Waste  Trea tment  Sys tem

0n March  12 ,  1980,  Amendment  No.  10  to  L icense No.  DPR-73 was issued (page 1  o f  Ref .  41) .  Th is
amendment  rev ised the  Techn ica l  Spec i l ' i ca t ions  conta ined in  Append ix  B  to  the  l i cense and es tab-
l i shed new requ i rements  fo r  rad ioac t ive  waste  t rea tment ,  s to rage,  and sh ipment  invo lv ing  the
EPICOR II waste treatment system.
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ThiSlanendment also added the following lScense condit,ons:六          ‐    モ

2:E。(2)  The llClnsel shal]promptly begin the process of decontaminating the intermediate‐ level
waste water from TMI-2 by Operating EPICOR― II.  Prior to op●ration, the l,censee shall
consult the Director of (the office of Nuclear Reactor Regu,at,on)NRR for aPProval of
the final operating procedurls and design and construction details.  In order to reduce
the inherent risk from the contaminated water most expeditioustty and prudently, the
liCenSee should, to the extent possible, process ali the water once through the
EPICOR―II system.

2.E。(3) The liCensee shall maintain suitable tankage at TMI-l that could be used to store waste‐        water fron TMIT2 at a, 3pprOpriate stlt,‐Of readiness, shOu]d addi,10nal storage become
necessary.                               ―

2.E。(4) The liCensee shall not ship spent resins offsite unless they have been solidified, and
only then with the prior approval of the Director of NRR, provided however, that the
licensee may ship no,1501idifild but dewaterld spent resins offsite if it determines,
and the Director of NRR concurs, that such a shipment Ss required to assure continued
operatキon of EPICOR― II or otherwise required to protect public health and safety,  The
licensee shall expeditiously construct a facilヽ ty for 301idification of the spent

―・  resins and shall use such facilities for resin solidification upon receiving the
Director of NRR3s conCurrence with the design and operating procedures.

1.6.1,7  1nterim Criteria for Radiological Effluents from Data Cathering
and Maintenance Operations

On Apri1 7, 1980, the NRC approved specific radiological eff]uent criterSa for the purpose of
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he
reactor building atmosphere, disposal of EPICOR― II water, and treatment and disposal of high…
level radicactively contaminated water in the reactor building.)

In essence, these interim criter:a established a modSfication of the 10 CFR Part 50, Appendix I,

dcjsign criteria for specギfic TMI-2 activities as effluent limits.  The criteria indicate what
informatiott the licensee must submit to the NRC for approval prior to performing these activi―

ties, and the type of review that the staff will perform in determining whether or not to dpprove

each request.  These criteria are as follows:

‐   ・    The licensee must request approval from the NRC to perform data gathf_aring and main―
tenance operations.  In addition, separate procedures rnust be developed for each opera―

tion and submitted to the NRC for approval.  These procedures must contain a descrip‐
!       tion of the need for the operation, estimates of radioactivity that may be released,

and estimates of onsite and offsite doses that may occur as a result of the operationt
The procedures for each operation should be designed to conform to the existing NRC
technical specifications as well as to the WAs Low As Reasonab]y Achievableti(ALARA)
concepts of 10 CFR Parts 20 and 50.  The procedures developed by the licensee should
not interfere with the aPPlicabう 11ty of other limitations, conditions, or agreements
that the licensee may have regarding the release5 0f radioactive gaseou5 0r liquid
effluents with NRC, or with other federal, state, or loca1 8uthOrities,

・    These procedures will be reviewed by the NRC to ensure that thoy meet the existing
technical specifications, that the ALARA concepts of lo CFR Part 20 and 10 CFR Part 50

are met, and that the existing Appendix l to 10 CFR Part 50 design objectヽves are
conformed to, and thal they conform to agreements to which the ttRC is a party.

The Deputy Program Dう rector, TMI Program Office, onsite now has ↓ he authority to permit weekly
releases which result in offsite doses that are not greater than 5 percent of the annual
Appendix 1 10 CFR Part 50 design objectives norrnalized to a weekly rate (1.e., 0.05 times the
annual design objective dSvided by 52).  TheSe permitted releases will a1low the onsite TMI
manager the flexibility to continue or authorize decontamination procedures while keeping

*Page 2 of Reference 41.
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releases at a small fraetion of those evaluated in the FES of L972 for Units I and 2 and the
Supplement to the FES of 1975 for Unit 2.

The Director of the 0ffice of Nuclear Reactor Regulation (NRR) now has the authority to permit
weekly releases which result in offsite doses that are not gneater than 50% of the annual Appen-
dix I to 10 CFR Part 50 design objectives normalized to a weekly rate (i.e., u:50 times the
annual design objective divided by 52).

Releases which may result in offsite doses in excess of those described above requine approval by
the Cormission.

Any impacts that wil l occur unden the interim criteria are expected to be a small fraction of
those described in the TMI Final Environmental Statement (FES) of 1972 and the Supplement to the
FES in 1976.  Nevertheless,  recogniz ing the sensi t iv i t ies of  the local  c i t izens to any act iv i t ies
at TllI, the NRC staff wil l inform the local governmental officials of any releases before allow-
ing them to take place. The public wil l also be notif ied through appropriate press channels.
This not i f icat ion wi l l  be done in conjunct ion wi th establ ished work ing re lat ions wi th the Envi ron-
mental Protection Agency. If faced with an energency, the staff may find it necessary to make
adjustments in these procedures and would use whatever means are available to keep the public
i nformed.

L.6.2 0then Constnaints

In addition to t{RC regulatory requirements, there are other constraints that affect activit ies at
TllI. These constraints include the Settlement Agreement with the City of Lancaster and various
nonradiological constraints expressed in dredging permits and dischange permits issued by varjous
Federal and Cormonrrealth of Pennsylvania agencies.

1.6.2.1 Settlement of the City of Larrcaster Lawsuit

In the case of the Citv of Lancaster v. United States l{uclear Requlatorv Commission. Civil Action
No. 79-1368 before th-frfiffiiTi Cou nt was entered
on February 27, L980, between the parties to that action: City of Lancaster, City of Lancaster
Authority, Albert 8. l{ohlsen, Jr., the United States Nuclear Regulatory Commission, and the
t' letropolitan Edison Company, Jersey Central Power and Light Company, and Pennsylvania Electric
Company.* As a condition of the settlement agreement, the NRC and the uti l i t ies agreed, among
other things, that "... no accident-generated wastewater wil l be discharged into the Susquehanna
River from the date of this Settlement Agreement through December 31, 1981, or unti l t,he NRC
completes its Programmatic Environmental Impact Statement .... or unti l the NRC completes such
other  envi ronmental  rev iew referred to in  i ts  November 2I ,  1979,  Statement . . . .  regarding the
discharge of accident-generated wastewater into the Susquehanna River, whichever is ear' l ier."**
However, nothing contained in the Settlement Agreenent precludes either the NRC or the Director
of the Office of Nuclear Reactor Regulation from authorizing whatever measures it or he deems
necessary to cope with any emergency situation.t

The agreement provided specific definit ions for "accident-generated water":**

(a)  Water  that  ex is ted in  the Tl . l I -2  auxi l iary,  fuel  handl ing,  and conta inment  bui ld ings
including the primary system as of October 16, 1979, with the exception of water which
as a result of decontamination operations becomes commingled with non-accident-
generated water such that the commingled water has a trit ium content of 0.025p CilmL
or less before processing;

(b) lJater that has a total activity of greater than 1 pCi/ml prior to processing except
where such water is originally non-accident water and becomes contaminated by use in

.  c leanup;

(c) l{ater that contains greater than 0.025 pCi/mL of trit ium before processing.

*Settlement Agreement, p. 1.
*xSettlement Agreement, p. 2.

fSettlement Agreement, p. 3.
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1ム6.2と2  Dredging Permits                                                     ‐ 1  1             11

■odにdいng w耐性pに喪耐y tte tt e荷∝t ttri牌
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1.6.2.3  Discharge permSts

The following discharge pernits regulating sewage and industrial wastewater are currently in
effoct for the TMI fac1lity:
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Industrial Waste Permitso  Four industrial waste permits issued by the Pennsylvania Department of
Environmental Resources~currently are in effect for TMI(Sec. 1, p. 8, item 10 of Ref. 45):
Perttit 2270202 (issued 」 une 8, 1973), Permit 2270204 (issued August 17, 1971), Permit 2270209

(iSSはed February 15, 1977), and Permit 2277206 (lssued February 22, 1978).  These industri31
waste permits cover thermal effluent criteria for discharge from mechanical draft cooling towers,
treated industrial wastes, and other induslrial wastewater to the Susquehanna River.
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f diSCharge points from the TMI facility:
,stem, surface lmpoundment, waste acceptance

forms, evaporation, consunPtion, and other miscellaneous points.  There are 27 discharge points
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1.6.3  Future Criteria

Criteria affect ing the Tlt l l -2 cleanup proposed herein are expected to be developed over t ime as a
resu l t  o f  i ssuance o f  th is  PEIS or  o therw ise .  Fu ture  waste  management  and d isposa l  c r i te r ia  fo r
low- leve l  rad ioac t ive  wastes  and proposed rad io log ica l  e f f luen t  l im j ts  fo r  decontaminat ion  ac t iv -
i t ies  a re  p resented .  Decontaminat ion  c r i te r ia  fo r  removab le  rad ioac t ive  contamjnat ion  are  a lso
ind ica ted .  These decontaminat ion  c r i te r ia  have been app l ied  to  the  c leanup ac t iv i t ies  d iscussed
in the body of this statement.

1 .6 .3 .1  Future  Rad ioac t ive  ! ' l as te  0 isposa l  Cr i te r ia

Low-Level Uaste

The s ta f f  cunrent ly  i s  deve lop ing  comprehens ive  regu ia t ions  fo r  low- leve l  was te  (LLW) d ispcsa l
wh ich  w i l l  con ta in  techn ica l  requ i rements  and procedures  fo r  l i cens ing  LL l . l  d isposa l  fac i l i t i es .
A  pre l im inary  d ra f t  o f  these regu la t ions ,  10  CFR Par t  61 ,  was  made ava j lab le  fo r  pub l i c  comment
in the_!_gderal Register (FR, Vo1. 45, No. 41, February 28, 1980). An environmental impact state-
ment  (E IS)  re la t i ve  to  10  CFR Par t  61  is  t re ing  prepared.

/
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Part 61 wil l  establ ish the overal l  perfonmance objectives to be achieved in the disposal of LLI ' I '
deal ing with long-terf l  protection o? the groundwater, protection.from an inad', 'e '"teni;  intruder,
and asiurarce of 'protecl ion of publ ic health and safety during sir-e openationr' .  Specif ic tech-
nical requirernents wil l  be establ ished regarding (1) the fct ' tn and content of waste that would be
acceptabie for disposal at a near-surface-dispo-al faci l i ty, (2) the design, openati .on and clo-
s$re  o f  the  fac i l i t y ,  and (3 )  ins t i tu t iona l  con t ro ls  on  mon i to r ing ,  surve i l lance and use o f  the
s i te  a f te r  c losure . - 'Procedu ies  fo r  the  f i i i ng ,  con ten t ,  and commiss ion  ac t ion  on  app l ica t ions
wil l  also be establ ished. The technical requi iements on waste form and content, faci l i ty design
and operations wil l  address specif ic waste disposal concerns cumently being considered in ana-
lyzing disposal of part icular Tl l I  wastes

It is scheduled for 10 CFfl PanL 61 to be issued as a proposed rule during 1981 and as a f inal
rule in 1982. In the interim, the staff would evaluate on a case-by-case basis the acceptabi l i ty
of wastes for disposal and applications for new disposal si tes fol lowing the objectives and
considerations set out in the draft of Part 51.

Hish-Level t{aste

The NRC is vested with l icensing and regulatony authority over certain U.S. Departnient of Energy
(D0E) faci l i t ies by Sections 202(3) and (4) of the Energy Reorganization Act of 1974. Ti iese
iec t ions  re fe r  to : -  (1 )  fac i l i t i es  used pr imar i l y  fo r  the  rece ip t  and s to rage ( inc lud ing  d is -
posal) of high-level radioactive wastes (HLl{) and (2) retr ievable surface storage and other
faci l i t ies authorized for the express purpose oi long-term storage of HLI{.

Geo log ic  repos i to r ies  wou ld  no t  be  l i censed as  "p roduc t io ! "  g r  "u t i l i za t ion"  fac i l i t i es .  Rather ,
they iould i ie l icensed under those provisions of the Atomic Energy Act deal ing with receipt and
posiession of t 'byproductrt  and t 'special nuclearrr materials.

The NRC has the responsibi l i ty to evaluate al l  aspects of repository performance which could
a f fec t  pub l i c  hea l th  and se fe ty .  As  a  f i rs t  s tep  in  car ry ing  ou t  i t s  respons ib i l i t y , . the  NRI
s ta f f  i i  deve lop ing  the  regu la l ions  under  wh ich  a  geo log ic  repos i to ry  w i l ' l .be  l i censed.  Th is
regu la t ion  w i l l ' be-cod i f ied  in  10  CFR Par t  60  -  D isposa l  o f  H igh-Leve l  Rad ioac t ive  Wastes  in  Geo-
log ic  Repos i to r ies .

In  10  CFR Par t  50 ,  wh jch  is  cur ren t ly  wa i t ing  apprcva l  be fore  the  Commiss ion ,  h igh- leve l  was tes
are defined as:

(1) irradiated reactor fuel,

(2 )  l iqu id  wastes  resu l t ing  f rom the  opera t ion  o f  the  f i rs t  cyc le  so lvent  ex t rac t ion  sys-'  
teni,  or equivalent, and the concentrated wastes from subsequent extract ion cycles, or
equ iva len i ,  in  a  fac i l i t y  fo r  reprocess ing  i r rad ia ted  reac tor  fue i ,  and

(3)  so l ids  in to  wh ich  such l iqu id  wastes  have been conver ted .

The oireral l  performance objective for the high-level waste repository ( i .e.,  the_maximum al low-
ab le  re tease 'o f  rad ionuc l ides  to  the  b iosnhere)  w i l l  be  es tab l i shed by  the  U.S.  Env i ronmenta !
Protection Agency (EPA) in their Environmental Radiat ion Protection Standands. The NRC staff
wi l l  implement these requirements in 10 CFR Part 60. The procedural part of 10 CFR Part 60 is
schedulbd to be noticed' in the "Federal Register" as a f inal rule in early J-981. The technical
part rras noticed in the "Federal Register" as an advanced notice of proposed.rulemaking_in May
i980 anO is scheduled to be noticed as a f inal rule in late 1981. The technical cr i ter ia of
10 CFR Part 60 wil l  apply to al l  wastes emplaced in a geologic repository for high-level wastes
and, therefore, would apply to Tlt l l  wastes disposed of in this manner.

Unti l  very recently the desigrs of deep geologic repositories-have placed almost total rol iance
for containment ofthe radionucl i . les on ihe site characterist ics and surrounding geology. As a
resu l t ,  l i t t le  a t ten t ion  has  been g iven to  waste  fo rms,  conta inens ,  and_other -eng ineered bar r ie rs
to  s ign i f i can t ly  cont r ibu te  to  the  conta inment  and iso la t ion  o f 'uhe  rad ionuc l ides  fo r  ex tens ive
periods of t ime. For example, credit was not norrnal ly given for the waste form and i ts asso-
t iated packaging being able to contain the radionucl ides for more than a few tens of years.

In order to compensate for the uncertainty in predict ing the behavior of geologic systems over
long peniods of ' t ime, the technical cr i ter ia of 10 CFR Part 60 are based on a conservative
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mult i-barr ier approach. In this approach, the repository consists of three major barr iers:
(1) the waste package, (2) the uncierground faci l i ty, and (3) the geologic sett ing. The NRC wil l
establ ish minimum perfonmance objectives for each of these major barr iers.

The major performance objectives for the engineened system are (1) a waste package that is
designeo tc contain wastes for at least 1000 years; (2) after package fai lure, the system is
designed to l imit i ; i ie annual rate of release of radioactive material to less than one part in one
hundred thousand of the maximum amount of each radionucl ide calculated to be present jn the
underground faci l i ty at any t ime after 1000 years; and (3) the repository must be designed so
that al l  the waste could be removed start ing at any t ime up to 50 years after the termination of
waste empiacement. In addit ion to these performance objectives, the NRC s.taff  is developing
guidance for the technical community neganding how to meet these performance objectives.

1 .6 .3 .2  Proposed Cr i te r ia  fo r  Rad io log ica l  E f f luen ts  f rom Oecontaminat ion  Ac t iv i t ies

The NRC s ta f f  p roooses  mod i f i ca t ions  o f  the  TMI-2  techn ica l  spec i f i ca t ions  re i .e t ing  to  rad io tog i -
cal eff luents result ing from the decontamination program. These modif icat ions are djscussed
bel ow:

. The Tl. l I-2 Technical Specif icat ions wil l  be supplemented to require that radioactive eff lu-
ents fron the cleanup and decontamination operation of TMI-2 be l imited so that the nuir,er-
i ca l  des ign  ob jec t ives  o f  Append ix  I  to  10  CFR Par t  50  w i l l  no t  be  exceeded.  Adc i i t iona l l y ,
the  I i censee w i l l  be  requ i red  to  ma in ta in  rad ioac t ive  e f f leun ts  as  fa r  be low the  Append ix  I
ob jec t ives  as  prac t icab le .  The l i censee w i l l  have to  ma in ta in  cumula t ive  es t imates  o f
o f fs i te  popu la t ion  doses  and max imum ind iv idua l  doses .

.  Quar te r ly ,  the ' l i censee must  submi t  to  NRC dose es t imates  based on  a l l  ac tua l  re leases  wh ich
occumed over  the  prev ious  th ree  months ,  inc lud ing  rcc identa l  and rou t ine  re leases .  Data
and methods used to make these estimates should be provided or appropriately referenced.
Ac tua ' l  env i ronmenta l  cond i t ions  shou ld  be  used in  rnak ing  these es t imates .  A lso ,  ca lcu la -
t ions as described above should be su': l i t red to NRC within 30 days after each accidental
re l  ease.

These proposed mod i f i ca t ions  to  the  techn ica l  spec i r i ca t ion  are  ind ica ted  in  Append ix  R.  These
modif icat ions are proposed for the purpose of implementing the requirements of Appendir:  I  to
10 CFR Part 50 and to assure that the offsi te doses that may occrrr are as low as reasonably
ach ievab le ,  wh i le  a t  the  same t ime,  do  no t  exceed the  numer ica l  des ign  ob jec t ives  o f  Append ix  I .
I t  is necessary to evaluate each release for conformance to the ALAkA principles of 10 CFR
Par t  50 ,  Append ix  I ,  fo r  two reasons .  F i rs t ,  the  n i imer ica l  des ign  ob jec t ives  o f  10  CFR Par t  50 ,
Appendix I ,  were designed for routine operation of a l igi i t  water reactor and not fon a cleanup
and decontamination operation. They were based on the evaluat, ion of years of reacton operational
da ta .  S ince  there  is  much less  exper ience in  la rge-sca le  decontami i ia t ion  ac t iv i t ies  there  is
l i t t ie  bas is  on  wh ich  to  es tab l i sh  numer ica l  des ign  ob jec t ives .  Thus ,  i t  i s  necessary  to  eva l -
ua te  each re lease fo r  cons is tency  w i th  the  r ras  low as  reasonab ly  ach ievab ler r  (ALARA)  pr inc ip le .
Second,  doses  tha t  have occur red  o f fs i te  dur ing  the  ca lendar  year 'must  be  taken in to  cons ider -
a t ion .  I f  acc idents  such as  those descr ibed in  the  PEIS occur ,  doses  o f fs i te  cou ld  be  s ign i f i -
cantly Iarger than those described for routine decontamination operation, and could even exceed
the  numer ica l  des ign  ob jec t ives  o f  10  CFR Par t  50 ,  Append ix  I ,  fo r  normal  opera t ions  o f  a  l igh t
water  reac tor .  I f  such  a  case occurs ,  the  NRC may, ' -equ i re  a  temporary  te rmjna t ion  o f  the  c leanup
operation or other act ion as deemed necessary. The basis used in approving latter programs wi. l l
depend in  par t  on  the  success  o f  the  ear ' l i e r  ones  in  ach iev ing  ALARA re leases .

Requ i r ing  tha t  the  numer ica l  des ign  ob jec t ives  o f  Append ix  I  to  10  CFR Par t  50  are  met  w i l l
assure  tha t  the  rad ia t ion  dose rece ived by  the  pub l ic  dur ing  the  c leanup opera t ion  is  su f f j c ien t
to protect the public and is equiva' lent to or below that of a normal operating reactor. These
doses, even when added to the doses wh-ich occurred during the TMI-2 accident (maximum dose less
than 100 mrem)  are  I i ke ly  to  have neg l ig ib le  hea l th  e f fec ts  to  ind iv idua ls  o f  the  popu la t ion .
The background radiat ion in the area amounts to about 115 mi-errr per year, 36 percent of which
cc ,es from cosinic radiat ion, 39 percent fr"crrr t ,errestr ial radiat jon, and 24 percent from internai
rad ia t ion  (ma jn ly  K-40 depos i ted  i i '  the  body) .  0n  the  bas is  o f  compar lson  o f  the  doses  ca lcu-
lated here to those of nat.ur 'al background radiat ion, the health effects through the completion of
the  c leanup opera t ion  w i l l  -he  non-ex is ten t ,  espec ia l l y  in  cons idera t ' ion  o f  the  fac t  tha t  naLura l
background radia+.ion in the United States varies from one location to another within a range or"
about 70 to 310 mrem per year.
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Adherence to the proposed modif icat ions to the exist ing technical specif icat ions wil l  assure that
the cleanup operation wil l  pnoceed in a manner that provides a wide margin of publ ic safety. The
total doses offsi te to the maximum exposed individual or to the populat ion throughout the course
of the cleanup operation should be a small  fract ion of that received due to background radiat ion.
These requirements wil l  also assure that any new releases are as low as reasonably achievable.
The accident report ing requirements wil l  provide the staff with the informatjon necessary to be
able to make an infortned decision should i t  be necessary to terminate or modify an operation.

1 .6 .3 .3  Sur face  Contaminat ion  Cr i te r ia

Guidance fo r  acceptab . le  sur face  contaminat ion  leve ls  i s  p rov ided in  Regu la to ry  Gu ide  1 .86 ,  "Ter -
mination of 0perating Licenses fol l {uclear Reactors" (June 1971); and in Regulatory Guide 8.21,"Health Physics Surveys for ByprodJct Material at NRC-Licensed Processing and Manufacturing
Plants" (May 1978). Table 1 of Regulatory Guide 1.86 provides specif ic guidance for acceptable
renovable surface contaminaticn levels for unrestr icted areas, These levels are shown in
T a b l e  1 . 1 .

Tab le  2  o f  Regu la to ry  Gu ide  8 .21  prov ides  s imi la r  (bu t  s l igh t ly  less  s t r ingent )  gu idance fo r
unres t r i c ted  areas . rz  These l im i ts  a re  cons idered compat ib le  in  lev r , l  o f  sa fe ty  w i th  those fo r
re lease o f  fac i l i t i es  and equ ipment  fo r  unres t r i c ted  use ,  as  g iven in  Regu la to ry  Gu ide  1 .86 .  In
accordance with this guidance, the staff has developed this programmatic enviroi imeniai impact
s ta tement  us ing  the  leve ls  ind ica ted  in  Tab le  1 .1  as  those leve ls  a t  wh ich  decontaminat ion  vou ld
be considened complete for unrestr icted access or unrestr icted release of decontaminated equip-
ment  o r  fac i l i t i es .

F ixed contaminat ion  (e .9 . ,  rad ioac t iv i t y  tha t  i s  no t  de te ; ted  by  smear  surveys  fo r . loose sur face
contaminat ion)  a lso  must  be  l im i ted .  Consequent ly ,  in  add i t ion  to  Tab le  2  c r i te r ia ,  the  average
f ixed  contaminat ion  w i l l  be  l in i ted  to  less  than 0 .1  mrad/hr .

Tab le  1 .1 .  Acceptab le  Removab le  Sur face  Contaminat ion  Leve lsa
for Unrestr icted Access

〓
〓

Radionuc l  ideb dpm/100 crn2

AIpha radiat ion from U-natural ,  U-235, U-238, and associated
decay products

Transuranics, Ra-226, Ra-228, Th-230, Th-228, Pa-23I, Ac-227,
r-125, r-129

Th-nat ,  fh -232,  Sr -90 ,  Ra-223,  Ra-224,  U-232,  l -126,  I -131,
I - i33

Beta-gamnra emitters (nucl ides with decay modes other than
a lpha emiss ion  or  spontaneous f i ss ion)  except  5 r -90  and o thers
noted above

a R e g .  G u i d e  1 . 8 6 ,  T a b l e  1 ,  p .  1 . 8 6 - 5 .
b!,rh.." surface contamination by both alpha-

ex is ts ,  the  l im i ts  es tab l i shed fo r  a lpha-
shou id  app ly  independent ly .

and be ta-gamma emi t t ing  nuc l i Jes
and be ta-gamma emi t t ' i ng  nuc l jdes
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2. I.IAJOR DECONTAIi,IINATION AND I.JASTE DISPOSAL ALTERNATIVES

The alternatives addressed in this statement for dealing with the aftermath of the accident at
Tl' l I-2 are primarily concerned with decontamination, coie removal, and waste disposal. The
broad-scope,  postaccident  a l ternat ives range f rom implementat ion of  fu l l  c leanup' to no act ion
beyond maintaining the facil i ty in safe shutdown condition, and may be grouped as follows:

1.  Ful l  c leanup,  salvage and decontaminate usable equipment ,
2.  Ful l  c leanup,  remove equipment  wi th min imal  or  no decontaminat ion,
3.  Par t ia l  c leanup wi th defuel ing,
4.  Par t ia l  c leanup,  f ix  core in  p iace,
5. No action--naintain safe shutdown.

The impacts that would result from subsequent use of the site are beyond the primary scope of
this statement; however, the staff recognizes that there may be a relation between ihe cleanup
decis ion and decis ions on future use of  the s i te .  Because an ear ly  decis ion could be made to
decommission Uni t  2 ,  the staf f  has examined the impacts associated wi th var jous decommissioning
al ternat ives.  The resul ts  of  th is  ef for t  ind icate that  an ear ly  decis ion to decommissjon would
not  s igni f icant ly  af fect  the need for  decontaminat ion act iv i t ies nor  the resul t ing impacts d is-
cussed in this impact statement.

The possib le opt ions for  fu ture use of  the s i te  inc lude (a)  decommission the TMI-2 p lant ,
(b)  refurb ish,  requal i fy  and use the ex is t ing nuclear  power system, (c)  use the TMI-2 bui ld ings
and s i te  as permanent  waste reposi tor ies,  or  (d)  use the TMI-2 bui ld ings and s i te  as temporary
waste reposi tor ies unt i l  a  f ina l  decis ion is  made.  The decommissioning a l ternat ives inc lude
(a) removal and dismantling (DECON), (b) safe storage with deferred decbntamination (SAFST0R),
and (c)  entombment (ENT0MB).r -3 The decommissioning a l ternat ives a l l  depend upon pr ior  c leanup
and defue ' l ing and are d iscussed in Sect ion 2.2.

To determine the ef fect  that  d i f ferent  fu ture-use opt ions might  have on c leanup operat ions,  i t  is
important  to  consider  sepanate ly  the two operat ional  phases ident i f ied in  Sect ion 1.3:  Phase I ,
the decontamination phase that extends from shortly after the accident up to removal of the
reactor  pressure vessel  head (RPVH); .and Phase I I ,  the defuel ing phase,  which star ts  wi th removal
of the RPVH and extends through removal of the fuel and decontamination of the reactor coolant
system (RCS).

The cr i t ica l  factor  in  determjn ing the ef fect  of  an ear ly  decis ion regarding future use of  the
site on cleanup operations is whether or not the fuel must be renoved from the reactor pressure
vessel  and stored e lsewhere.  For  reasons d iscussed below, the staf f  concludes that  defuel ing and
decontamination of the RCS are essential openations that should not be omitted regardless of the
outcome of  a decis ion on future use of  the , i te .

A consequence of  th is  posi t ion is  that  the d is t inct ion between the f i rs t  and second a l ternat ives
l is ted above is  unimportant  for  Phase I  and Phase I I  operat ions.  The 1arge,  permanent iy  insta l led
equipment  i tems,  such as the reactor  pressure vessel ,  reactor  coolant  pumps,  s team generators,
and associated p ip ing,  would not  be removed or  refurb ished unt i l  compiet ion of  these phases.  I f
the future use of  the s i te  were kncwn pr ior  to  decontaminat ion of  the reactor  bui ld ing th js  could
af fect  the manner in  which some smal ler  p ieces of  equipment  are handled.x Howeven,  these opera-
t ions const i tu te only  a smal l  par t  of  the decontaminat ion operat ions,  and the d i f ference jn t .he

xFor  example ,  some i tems tha t  were  spec i f i ca l l y  des igned fo r  the  TMI-2  p lan t ,  such as  ins t rument
pane ls ,  wou ld  have no  sa lvage va lue  i f  TMI -2  were  decommiss ioned.  These i tems might  be  removed
immedia te ly  and d iscarded i f  the  p ian t  were  decommiss ioned,  whereas  they  migh t  be  decontami -
na ted  in  p lace  i f  the  p lan t  were  re fu rb ished.
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impacts that might result fron different alternatives for equipment, decontamination/r'emoval
operations during Phases I and II are smaller than the uncertainty with which the impacts for all
decontamination operations can be estimated. Much of the equipment wil l be needed during cleanup
operations regardless of the decision on future use of the site (equipment for the building
ventilation system is an example), and some equipment that vas not too severely contaminated
might be decontaminated for reuse elsewhere even if i t were not used again at Til l l-2 (electric
motons are examples).

The third, founth and fifth alternatives are very dependent on the options fon future use of the
site. t{one of these three options is compatible with refurbishment, and the last two ane also
incompatible with the decommissioning alternatives that are allowed by curent federal guidelines
and regulat ions.r '2 '3  However,  for  reasons g iven below and in Sect ion 2.1,  the staf f  concludes
that none of these three alternatives is acceptable for Tttl l-2.

The alternatives that would involve permanent waste disposal onsite appear not to be teclrnically
feasible considening the location of TMI-2 (see Sec. 2.2). Such alternatives are also not com-
patible with current national policies and regulatory guidelines for radioarctive waste disposal.
For example, in his message to the Congress on February 12, 1980, President Carter noted that the
present strategy for disposal of high-level waste and unreprocessed commercial spent fuel is
focused on use of deep geologic repositories. A similar strategy applies to transuranic waste.
The location of such repositories is to be based on detailed site-specific evaluations, and the
locat ion of  T l t l l -2 ,  on an is land in the middle of  a r iver ,  a lso ra ises the quest ion about  re ly ing
on long-term institutional controls beyond periods of 100 years to ensure the integrity of such a
disposal  s i te .  i

Three tl i le Island has not been selected by the U.S. Governnent as a candidate site for evaluatjon
of  i ts  su i tabi l i ty  for  locat ion of  a h igh-1evel  waste reposi tory.  Therefore,  unless major  pol icy
changes are made by appropriate governmental agencies, Three l4ile Island would not qualify as a
suitable site for permanent disposal of spent commercia-l fuel or other high-1evel waste. In any
case,  i t  is  unl ike ly  that  the s i te  could be qual i f ied as a candidate h igh-1evel  waste reposi tory
site because of such factors as ne.rrby population densities and hydrology.

Similar considenations apply to permanent disposal of low-level radioactive waste. As in the
case of high-level yaste disposa.l, Three Mile Island has not been evaluated by federal and state
authorit ies as a candidate regional site for permanent disposal of low-level waste. It is
unlikely that the site could be qualif ied for this purpose because of the same factors mentioned
previously for the case of high-level waste disposal.

These considerations do not preclude, however, interim storage of radioactive waste at the TMI-2
site. Since thene currently are no waste repositories open for the disposal of high-level activ-
ity and tnansuranic wastes, it wil l be necessary to place these wastes in temporary storage unti l
a permanent waste repository becomes available. Both onsite and offsite storage are considered
for this temporary measure.

The alternatives available for full cleanup with usable equipment salvage, environmental impacts
of each in terms of offsite releases radiation exposure to decontamination workers, and social
and economic effects, are considered in detail jn Sections 5 through 9. The decontamjnation and
core d isposal  a l ternat ives for  par t ia l  c leanup are d iscussed below in Sect ion 2.1.  A pre l iminary
analys is  of  the decommissioning a l ternat ives is  inc luded in Sect ion 2.2 in  order  to prov ide a
clearer perspective of the relation between these alternatives and the alternatives for Phase I
and Phase I I  c leanup operat ions.x A descr ipt ion of  the c lass i f icat ion schemes and d isposal
methods for radioactive wastes as they apply to the wastes generated by different cleanup options
is  g iven in Sect ion 2.3.

2.L DECOI{TAI'III{ATION OF THE FACILITY

Cleanup of  the fac i l i ty  inc ludes decontaminat ion of  bui ld ing and suppont  fac i l i t ies,  removal  of
the core, and decontamination of the nuclear steam supply system. The operations involved may be
descr ibed as fo] lows:

* I t  was not  possib le to prov ide even a pre l iminary analys is  of  the refurb ishment  a l ternat ives
because there is  insuf f ic ient  in format ion avai lable on the condi t ion of  the equipment .  This
information wil l have to be obtained during the Phase I and Phase II cleanup operations.
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' Processing- the contaminated water generated by the accident (and by decontamination
operations) to remove radioactive materials

'  Decontaminat ion of  sur faces ins ide the auxi l iary and fuel  handl inq bui ld ings and the
reactor building, and decontamination or disposal of equipment. 

-

' Removal and.disposal of internal parts and damaged fuel from the reactor vessel, and
' Cleanup of the ,reactor coolant system (including components such as steam generators

and pressur izer) .

For  fu l l  c leanup, .a l l ,  c leanup gperat ions would be canr ied throuqh to the point  that  the fac i l i t ies
were ready to init iate decommi.ssioni_ng or.refunbi-shment operati-ons. For'partial cleanup,one or
more cleanup operations might be replaced by partial action or no action. 

' 
Partial action-in the

core removal operation includes immobilization and storage of the reactor fuel within the reactor
vessel (core fixation). Consideration of the partial cl lanup options requires an examination oi
the impacts on other operations or rnodification or omission dt in operatibn as we]l ai impacts on
the environment.

l l i  t l t l lw criterja. us.ed by..the NRC staff for judging thb acceptabil ity of partial cteanup
alternatives are that the r_adioactivity left onsite and the resultant realtor dore configuradion
should.not pos_e a hazard of continuing radiation exposure to the public or to tnJworkers after
cessation of cleanup operations, and that all requirbments for puUiic health ana saiety should be
Tet .  Except  as noted in .Sect ion 2- .1_.1,_.be1ow, a i ternat ives thdt  imply use of  the s i te  tor  long-
term-storage of.nadi-oact-ive materials (beyond the normal operating'l i fetime of a power reactoi,
!!r9l is. approximately.40 years) are not ruled out as unacceptable; however, they'are given only
limited treatment on the grounds that the scope of this docirment is restri i ted io altErnatives-
that provide for eventual removal of all radiohctive materials from the site, even if a decision
to do so should be delayed beyond the cleanup peniod.

I t , is  the staf f rs  posi t ion that  Three t i l i le  Is land should not  become a permanent  waste reposi tory
site. Hence, alternatives _involvi.ng tempora-ry -onsite storage of rvaite that would grriatly
increase the effort required for subiequerit offsite storage, p-rocessing, or oisposat aie regirded
by the staff as unacceptable

2.L.L tlo Action--Maintain Safe ShuUlqlr!

For the purpo€es of this environmental statement, the terminology "no action" is to be understood
as representing an alternative for which the reactor would be-inaintained in a safe shutdown
condition, but. no attemp-t would be -made to decontaminate the Ttrl l-2 facil i ty. Under present
regulat ions,- l icensing of  the fac i l i ty  wou]d be requi red and a l l  equipment ' ins ide the reactor
Pul . !9 lnS Yould.be oper-ated as necessary but ,  because of  the expected h igh radiat ion levels in  the
bui ld ing,  serv ic ing of  equipment  ins ide would be st r ic t ly  l i ; i ted.  ' 'h-e no-act ion a l ternat ive
would,  in  ef fect ,  turn. the_reactor  bui ld ing jn lo a long- term, I imi ted-maintenance reposi tory for
nuclear  waste--a funct ion for  which the fat i l i ty  was not  designed.  In t ime,  some eiu ipment  and
components -within the reactor building could bs expected to mllfunction or fail as i result of
l imi ted maintenance.  Several  impl ica l ions of  impiement ing such a no-act ion a l ternat ive are
d i scussed  i n  Sec t i ons  2 .1 .1 .1  and  2 . t . L .Z .

The NRC staff considers the no-action alternative unacceptable because the public health and
ggfetV. cannot be adequately assured unti l the radioactive materials decay to innocuous Ievels.
The times requ_ired for the predominant radionuclides to decay range froi a minimum of about
300 years for Cs-137 and Sr-90 to thousands of years for the traniuranic radioisotopes in the
damaged_fuel .  In  the staf f rs  judgment"  adequate inst i tu t ional  contro ls  cannot  be a isured for
these t ime per iods,  and thus the no-act ion a l ternat ive could pose a ser ious threat  to  fu 'une
genenations.

2 .L .L .L  The  Reac to r

As of Decembe_1 J,!, 1!80, the decay heal; level of the Tlrl l-2 reacton was reported by the l icensee
to be about 70 kl 'J. The primary coolant was being maintained at about 120oF and-94 psi, and
natural recirculation nas being used to remove decay heat fr"cm the reactor core. About ira'lf of
the tota l .decay heat-was t ransmit ted by convect ion to the reactor  bui ld ing. ,  whi le  the remain ing
9qgqv ftgat_ttas transferred to the cool' ing.towers through steam generator"riArr. 0n January 5, 

-

1981' the l icensee stopped steaming ther "A" steam generitor by shutting a turbine bybass rialv'e.
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This put the RCS in a " loss-to-ambientl '  mode of cool ing in which reactor decay heat is trans-
femed from both RCS loops to the reactor bui lding ambient environment.a

When the rate at which neutrons are generated from nuclear f ission is just suff icient to sustain
a  nuc lear  cha in  reac t ion  a t  a  cons tan t  ra te ,  a  reac tor  i s  sa id  to  be  "c r i t i ca l . "  A  cer ta in
amount of neutron-absorbing materia1 within novable control rod assemblies inside the core acts,
as a "brake" on the abi l i ty of the neutrons to sustain the chain reaction. |Jhen a rod is moved
further into the core, more neutrons are absorbed, decneasing the rate of f ission and result ing
in a "subcrit icalt '  reactor state. Currertt ly, several neutron-absorbing materials are used to
control cr i t ical i ty, the most common being si lver- indium-cadmium control rods and borated water
(water  conta in ing  boron,  a  neut ron  absorber ,  in  the  fo rm o f  bor ic  ac id ) .  Ma in ta in ing  a  su f f i -
cient amount of neutron-absorbing materials inside the Tl. t I-2 core wil l  keep i t  in i ts present
subcr i t i ca l  cond i t ion ,

It  has been estimated by Met-Ed and independently analyzed by NRC5'6 that the shutdown margin of
the Ttl I-2 reactor is quite substantial ( there are about 15 percent too few neutrons to .sustain
nuclear chain reaction at a constant rate), with the primary coolant containing about 3850 ppm of
boron. Prel iminary evidence indicates that some control rod material may have been relocated to
regions of the reactor coolant system out of the core. This reduction in in-core control mate-
r ial can be compensated for by adjustments of the boron concentrat ion in the primary coolant.
Excess  boron ava i lab le  in  the  pr imary  coo lan t  must  be  adequate  to  ensure  subcr i t i ca l i t y  o f  the
cone at al I  t imes.

0f the two low-nange neutron f lux instruments, one is no longer operational. (The higher-range
ins t ruments  a re  no t  sens i t i ve  enough to  p rov ide  a  read ing  a t  the  cur ren t  low neut ron  f lux  leve ls . )
The c r i t i ca l i t y  cond i t ion  o f  the  core  is  c lose ly  mon i to red  by  the  remain ing  1ow-range ins t rument
and by weekly analysis of the boron concentrat ion in the primary cooiant water. Since, under the
no-ac t ion  a l te rna t ive ,  decontaminat ion  o f  rad ioac t iv i t y  ins ide  the  reac tor  bu i ld ing  wou ld  no t
take place, maintenance required by fai lure of neutron or boron monitors or other essential
equ ipment  wou ld  be  car r ied  ou t  in  re la t i ve ly  h igh  contaminat ion  cond i t ions  (compared to  pos t -
decontaminat ion)  and rad ia t ion  f ie lds .  Add i t iona l l y ,  a  l im i ted  prevent ive  main tenance program
necess i ta ted  by  these h igher  rad ia t ion  f ie lds  wou ld  inc rease the  probab i l i t y  o f  equ ipment  fa i lu re
and the 

' length 
of result ing equipment downtime.

2 . 1 . L 2  V ' l a t e r

As  a  resu l t  o f  leakage f rom the  pr imary  sys tem va lves  and p ipe  sea1s ,  the  water  leve l  in  the
reac tor  bu i ld ing  sump has  been s1ow1y,  bu t  con t inua l l y ,  r i s ing .  Some ins t ruments  and e lec t r i c
cables have been affected by the water and are inoperative. As of January 7, 1981, the water
depth was 8.05 ft  above the basement f loor (282.5-ft  elevation) and increasing at the rate of
about 0.04 ft lmonth due to leakage of about 3000 gal lons/month from the primary system. Unless
the 'water  i s  t rans fenred f rom ins ide  the  bu i ld ing  to  a  d i f fe ren t  loca t ion ,  the  p lan t  s ta tus  may
.deteriorate from the exist ing condit ions as the water r ises. The rate of leakage could increase
with t ime as the system deteriorates.

2 .L .2  Decontaminat ion  o f  Bu i ld ings  and the  Assoc ia ted  Suppor t  Fac i l i t ies

2 .L .2 .1  Process ing  Contaminated  Water

The contaminated water consists of water released during and after the accident in the reactor
bu i ld ing  and water  re leased dur ing  the  acc ident  and genera ted  by  c leanup opera t ions  in  the  tanks
and sump o f  the  aux i l ia ry  and fue l  hand l ing  bu i ld ings  (AFHB) .

0n  0c tober  16 ,  1979,  the  Commiss ion  ordered the  c leanup o f  the  AFHB contaminated  water 'uo  beg in ,
us ing  EPIC0R I I .  The process ing  o f  con taminated  water  in  the  AFHB was essent ia l l y  comple te  as  o f
June 27 ,  1980.  The processed water  was be ing  used a t  tha t  t ime fo r  wash ing  and f lush ing  con-
taminated  components  and p ip ing  in  the  AFHB.  I t .  a lso  cou ld  p rov ide  a  source  o f  water  fo r  wash ing
sur faces  in  the  reac tor  bu i ld ing .

There were about 700,000 gal lons of contaminated waterin the bottom of the neactor bui lding as
of February 1981. This contaminated water (referred to as the sump water) overf lowed the sump at
the  t ime o f  the  acc ident  and covered the  en t i re  f loor  o f  the  reac tor  bu i ld ing ,  inc lud ing  the
D-r ings  and reac tor  vesse l  cav i ty .  Reasons fo r  p rocess ing  th is  water inc lude:
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. Transfer radioactivi ty from a mobile form in the water to a less mobile form with a
reduced vo-lume to faci l i tate disposal.

.  El iminate the potential of leakage of radioactivi ty from +-he reactor bui lding sump to
the environment.

.  Reduce the inventory of sump water to levels so that equipment needed to maintain safe
shutdown wil l  not be adversely affected by r ising water levels. Provide surge capacity
for col lect ion and temporary storage of water generated by leakage from the primary
sys tem or  f rom decontaminat ion  ac t iv i t ies  invo lv ing  bu i ld ing  and egu ipment  sur faces .

. Reduce radiat ion exposure to iorkers on cleanup of bui lding and equipment surfaces and
defuel i  ng.

.  A l lev ia te  po ten t ia l  psycho log ica l  s t ress  to  the  1oca1 popu la t ion  assoc ia ted  r . r i th  lack
cf cleanup progress.

A cri terion used by the t{RC staff for establ ishing the acceptabi l i ty of decontamination alter-
natives is that no unprocessed accident water should remain after cleanup activi t ies have been
terminated or suspended for an indefinite period of t ime.

A l te rna t ives  fo r  manag ing  the  reac tor  bu i ld ing  sump water  tha t  cou ld  be  used fo r  the  fu l l -c leanup
opt ion  a l l  invo lve  process ing  the  water  to  remove d isso lved rad ionuc l ide  ions ,  and are  d iscussed
in  Sec t ion  7 .  A l te rna t ives  tha t  cou ld  be  used on ly  fo r  the  par t ia l -c leanup op t jons  a l low o ther
approaches tha t  inc lude:  (1 )  leav ing  the  sump water  in  p lace  in  l iqu id  fo rm,  and (2 )  imnrob i l i z -
ing  the  sump water  in  so l id  fo rm by  chemica l  combina t ion  w i th  cement  o r  absorp t ion  in  so l ids .
These a l tennat ives  are  bn ie f l y  d iscussed be low.

The a l te rna t ive  o f  leav ing  the  sump water  in  p lace  in  l iqu id  fo rm is  no t  acceptab le  to  the  NRC
staff because i t  leaves unprocessed accident generated water which'may eventual ly leak from the
reac tor  bu i ld ing .  Th is  water  a lso  resu l ts  in  h igh  ambien t  rad ia t ion  leve ls  tha t  wou ld  make
c leanup d i f f i cu l t  in  the  v ic in i ty  o f  the  sump.  Deta i l s  o f  the  contaminat ion  leve ls  (concent ra -
t ions  o f  d isso lved rad ionuc l ides)  and exposure  leve ls  may be  found in  Sec t ion  7 .

Immobil izat ion processes using cement are complicated by the geometry and equipment on the sump
f loor .  I t  wou ld  be  a lmost  imposs ib le  to  in t roduce a  por t land cement  s lu r ry  ' in to  some o f  the

' inaccess ib le  spaces  and to  ob ta in  adequate  mix ing  w i th  the  water .  Even i f  a t tempted,  i t  wou ld  be
imposs ib le  to  assure  tha t  comple te  so l id i f i ca t ion  had been ach ieved.  There fore ,  some water  wou ld
probab ly  remain  and wou ld  cont inue to  pose a  leakage hazard  to  the  pub l ic .  I f  comple te  so l jd i f i -
ca t ion  cou ld  be  ach ieved and assured,  the  resu l tan t  p roduc t  wou ld  requ i re  ex tended (e .9 . ,  g rea ter
than 100 years )  i so la t ion  f rom the  env i ronment ,  wh ich  cou ld  no t  be  assured by  ex is t ing  ins t i tu -
t ional controls. The use of cement to sol idify the sump water has the further disadvantage that
i t  e l im ina tes  the  sump as  a  use fu l  means o f  remov ing  decontaminat ion  l iqu ids  f rom the  reac tor
bu i  1  d i  ng .

Because o f  the  d i f f i cu l ty  in  remov ing  the  so l id i f ied  mater ia l  and the  subsequent  h igh  occupa-
t iona l  exposures ,  the  imp lementa t ion  o f  th is  op t ion  wou ld  p robab ly  resu l t  in  leav ing  the  so l id -
i f ied  mater ia l  in  p lace .  Leav ing  the  so l id i f ied  mater ia l  in  p lace  then imp l ies  tha t  the  TMI  s i te
w i l l  become a  y ras te  d isposa l  fac i l i t y .

0n  the  bas is  o f  the  reasons  g iven.  above,  the  s ta f f  cons iders  the  use  o f  cement  to  so l id i fy  the
sump water  in  p lace  to  be  an  unacceptab le  a l te rna t ive .

There  are  a  number  o f  so l ids  commerc ia l l y  ava i lab le  fo r  immobi l i z ing  the  sump water in  the  fo rm
of a wet sol id; however, for al l  the absorptive media known and considered by the staff,  the
volume of the wet sol id would be larger than the volume of the sump water by a factor of at least
three; for some the factor would be greater than 50. A cap of concrete would be needed in order
to  p rov ide  sh ie ' ld ing  pro tec t ion .  Sub: ;equent  remova l  wou ld  no t  be  as  d i f f i cu l t  as  fo r  cement ;
however ,  i t  wou ld  s t i l l  be  much more  d i f f i cu l t  than pumping  ou t  the  sump water ,  and the  vo lume o f
the  reac tor  bu i ld ing  in  the  sump area  w i th in  wh ich  the  equ ipment  was en tombed wou ld  be  about
twice as 

' large 
as fo_r. cement. Ihe lower part of the steam generators and part of the steam

genera tor_p ip ing-wou1d.be  covered,  and de fue l ing .and c leanup o f  the  reac tor  ioo l ing  sys tem wou ld
be severe ly  compl ica ted .  The prob lems o f  ach iev ing_comple te  f i l l i ng  due to  compl ic i t6O geomet ry ,
noted above for the cement alternative, occur also for the absorptive media altbrnative,-and ma-ke
l ikely the occurrence of pockets of contaminated water.
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In view of the potential problems associated with absorptive media immobilization of the sump
water and the lack of any significant advantages, the staff regards inplace immobilization of
unprocessed sutrp water to be an unacceptable alternative.

2.1.2.2 Bui  ld ing Decontarn inat ion

The auxil iary and fuel handling buildings (AFHB) and the reactor building were contaminated
during the accident. The AFHB contain tanks and equipment for preparing, storing and trans-
ferring water used as the primary system coolant and facil. i t ies and equipment for refueling the
reactor. fhe reacton building contains the reactor, the reactor cooling system and the nuclear
steam supply system.

The tanks and equipment in the auxil iary building are needed for maintaining the reactor in safe
shutdown and for processirig the contaminated Hater. The equipment in the fuel-handling building
would be needed for defueling the reactor. . The licensee, with the concumence of the NRC,
started lrork on decontaminatiirn of the AFHB in April 1979 in order to remove hazards from pos-
sible releases of radioactive contamination and to maintain the reactor in safe shutdown condi-
tion. As of January 1981, the work on decontaminating the AFHB was about two-thirds complete.
The methods that have been considered and used for the decontamination are discussed in Sec-
t ion 5.

The considerations that led to the decision to begin decontamination of the AFHB are sti l l  valid.
In the l{RC staff 's judgment, any alternative provisions for ensuring protection of the public
from radioactivity dispersed in the AFHB would involve at least as much risk to workers and
public as would continuation of current decontamination of the AFHB until i t is ccmpleted as
planned. Hence, alternatives for AFHB cleanup, other than the full cleanup alternatives examjned
in Sect ion 5,  wi l l  not  be g iven fur ther  considerat ion.

The partial cleanup alternatives for decontamination of the exposed interior surfaces in the
reactor building may be dirrided into three categories: (1) partial decontamjnation (decontami-
nation of all surfaces, but leavingr a higher level of contamination on completion than with full
c leanup),  (2)  se lect ive decontaminat ion (decontaminat ing selected work areas,  iso lat ing the
remaining areas), and (3) destructive decontamination (using methods without regard to the damage
they may do to surfaces or equipment). Alternatives for these categories are considered individ-
ual ly  below.

Partial Oecontamination

The advantage of stopping decontamination efforts short of full decontamjnation is that the
exPosure to radiation of workers doing the decontaminatjon and defueling would be decreased. The
primary disadvantage is that the exposure of workers who subsequently would be engaged in disas-
sembling and defueling the reactor and cleaning up the primary system would remain high (see
Sec.  6) .

A point  of  d imin ishing returns is  eventual ly  reached at  which fur ther  reduct ion in  the radiat jon
f ie lds (dur ing defuel ing and pr imany system decontaminat ion)  is  not  suf f ic ient  to  just i fy  the
additional decontamination effort. There are not sufficient data on TMI-2 to enable an accurate
detennination of this crossover point. However, on the basis of the estinates of the work
efforts and worker exposures given in Section 5, the staff estimates that this point wi' l l  be very
c lose to the stage of  fu l l  decontaminat ion.  By th is  s tage the radiat ion f ie lds would be re la-
tively low so that the net increase or decrease in overall exposure from any additional decon-
taminat ion vrork ef for t  would be re lat ive ly  smal1.

0n the basis of the expected overall reduction in worker exposure, and the fact that partial
decontamination would merely defer the cleanup problem at the expense of a contjnuing hazard of
releases to the environment, the staff considers the partial overall decontamination aiternatives
to be unacceptable if the reactor is to be dissassembled and defueled and the primary system is
to be cleaned up.

If the alternative of core fixation rather than defueling were chosen, and if i t were decided not
to clean up the primary system (steam generators, pressurizer and associated piping and equip-
ment), then partial decontamination might be a more attractive alternative. This alternative has
not been explored because examination of the core fixation alternatives by the staff has shown
them to be unacceptable (see Sec.  2.1.3,1) .

/
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Sellc'L ! ve Decontami nation

One alternative fon this category .would involve the decontamination of a corridor to the reactor
vessel or the constnuction of a shielded corridor to the reactor vessel, without upper-level
decontamination. For this alternative, it is presumed that access to a local area around the
reactor would suffice for reactor defueling. However, the confined space of the restricted areas
provided by localized decontamination or a shielded comidor does not allow for the use of the
overhead crane that is required fon the reactor head lift nor does it take into account the areas
needed for equipnent laydown, the shield slab laydown or movement of the fuel-handling machines.
The conridor concept is not practical since a much greater volume of the containment building is
needed for defueling and lherefore wil l not be considered further.

Another alternative in the selective decontamination alternative would be to cover contaminated
surfaces nith a high-density fixit ive. For this alternative it is pnesumed that covering a
surface with a high-density fixit ive would reduce the dose nate by an appreciable amount.. How-
ever, based on estimates of existing dose rates from gamma radiation, a one- or two-inch-thick
coating with Gunnite, a typical f ixit ive, would reduce dose rates very l itt le. The staff esti-
mates that the worker-dose cost of applying such a coating to all of the interior surfaces would
be comparable to the worker-dose cost of reducing the surface decontamination to ALARA levels;
hence, the staff does not consider the use of high-density fixit ives to be an acceptable alterna-
t i  ve.

The preceding considerations indicate that the only acceptable variants of selective decontami-
nat ion,  i f  there be any,  would be l imi ted to iso lat ing and shie ld ing selected contaminated areas
that were not needed for reactor defueling and primary system decontamination operations. The
staff considers it to be unlikely that the gain from bypassing a l imited number of selected
locat ions would of fset  the impact  of  iso lat ing and shie ld ing them, and the extra ef for t  in  keep-
ing track of and avoidin3 contaminated pockets. Hence, no further consideration wil l be given to
any select ive decontaminaui ; , r  a l ternat ives.

Destructive Decontamination

Alternatives in this category are of two kinds: (1) use of corrosive chernicals for surface
decontamination without regard to damage to the surface, and (2) removal of equipment for burial
offsite without decontamination (scrapping). These alternatives are not exclusive; both may be
used to varying extents.

An advantage of using corrosive chemica1s for cleaning is that they remove part'of the surface so
that radionuclides that are strongly adsorbed or chemically bonded to t,he surface also wil l be
removed. The disadvantages are that there is an increased health and safety hazard for workers;
the spent  l iqu id must  be col lected by neans of  specia l  fac i l i t ies that  iso late i t  f rom the sump,
or special measunes must be taken to ensure that the processing equipment for removing dissolved
radionuclides from the sump water is not adversely affected; special measures must be taken to
protect equipment that may be needed during the defueling operations; and diff icult. ies may be
encountered in waste tneatment processes. Experience gained in decontaminating the auxil iary and
fuel  handl ing bui ld ings (Sec.5.1.1)  and informat ion gained on the condi t ion of  the reactor
bui ld ing in ter ior  sur faces and envi ronment  (Sec.5.2.1)  have shown that  the use of  corros ive
chemicals wil l probably be unnecessary. The staff considers the balance between the advantages
and disadvantages to be on the disadvantageous side and wil l not, therefore, give further con-
sideration to the use of very corrosive chemicals. Less harsh chemical methods are considened jn
connect ion wi th the fu l l  c leanup a l ternat ives in  Sect ions 5 and 6.

The removal of equipment without decontamination (scrapping) wou1d, under the assumption that
defueling of the reactor would take place, be l imited to those pieces of equipment that were not.
needed dur ing decontaminat ion or  defuel ing.  l t lost  of  the bui ld ing serv ices,  such as the e lec-
t r ica l  system, vent i la t ing and cool ing systems,  and polar  crane,  would be needed dur ing the
defueling operations. Equipment that uas specific to the operation of the power plant, such as
steam generators, pressurizer, and associated pumps and piping are not in this category; however,
these items would not be removed prior to defueling because defueling operations require contin-
ued cooling and crit icality control provided by the primary system. Thus, defueling must be
completed before the primary system can be safely dlsmantled.

The f i rs t  equipment  for  which the "scrap or  refurb ish"  issue would be l ike ly  to ar jse would be
salvageable equipment removed in the process of removing the rea.r;tor pressure vessel head and
upper internals. By that t ime, progresr; should be close to a point where there would probably be
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enough information on the state of the reactor to consider the issue of whether to decommission
on r-ebui ld, which is beyond the scope of this document. There does not, therefore,.appear to be
any need t i  give furthdr consideration to the alternative of scrapping al l  unneeded equipment.

2.L.3 Reactor Core Removtancl Decontamination of the Nucleal :9!ggm 9gpPU :!yg!em

Cleanup of the reactor and the nuclear steam supply system-(NSSS) comprises the major.stages_for
which the prior stages of bui lding and water decontamination would merely be preparatory. The
fu l l -c leanup opera t ibns  fo r  these major  s tages  invo lve  open ing  and_ inspec t ing .  the . reac io r  p res-

sure vessel (R'pV), wnicn contains thi fuel lnd control rod mechanisms; removing the mechanical
par ts  and tud t  t - r .6m the  RPV;  d ra in ing  and c lean ing  the  p ip ing  and equ ipment  cn  the  pr imary  s ide .
b t  tne  NSSS ( i .e . ,  the  p ip ing  and equ ipment  th rough wh ich  water  f rom the  RPV c i rcu1ates ,  re femed
to as the reactoa cootant system (RCS)); and processing the water that is now in the RPV and RCS
in  order  to  remove d isso lvCd and suspended so l id  rad ionuc1 ides .  The fu l l -c leanup a l te rna t ives
for these operations are considered in Section 6.

Tak ing  no  ac t ion  on  any  o f  the  pneced ing  opera t ions  is  cons idened unacceptab le  by  the .s ta f f  fo r
"easo is  d iscussed in  Sec t ion  2 .1 .1  and w i l l  no t ,  there fore ,  be  g iven ar ty  fu r ther  cons idera t ion .

-  oar t ia l -c leanuD a l te rna t ives  cons idered in  th is  sec t ion  fo r  the  reac tor  and NSSS are  o f  two
, . ,  td i :  a l te rna t ivbs  tha t  migh t  be  cons idered i f  an  ear ly  dec is ion  were  made to  d iscard  a l l  o f
t te  equ ipment ,  and a l te rna t ives  tha t  migh t  be  cons idered i f  the  dec is ion  to  rebu j ld  o r  decom-
miss ion  were  ie fe r red  indef in i te ly  and j t  was  dec ided to  p lace  the  en t i re  p lan t  in  sa fe  s to rage
for  an  indef i r r i te  per iod  w i th  a  min imum immedia te  expend i tu re  o f  e f fo r t .

The primany public health and safety cri ter ia used by the staff for assessi,ng the acceptabi l i ty
o f  p i r t ia l : c ieanup a l te rna t ives  ane:  (1 )  there  shou ld  be  essent ia l l y  no  r i sk  o f  occu f fence o f

c r i f i ca l i t y ,  (2 )  ihere  shou ld  be  essent ia l l y  no  r i sk  o f .  re lease o f  rad ioac t iv i t y  in  excess  o f
tha t  wh ich- is -a l lowed f rom an opera t ing  rea t to r . ,  and (3 )  the  core  shou ld  remajn  jn  a  phys ic_a l l y

stable configuration with adequite means for removing heat generated by decay products. The
s ta f f  d ismis ied  f rom cons idera t ion  a t  th is  t ' ime,  fo r  reasons  no ted  in  the  in t roduc t ion  to  Sec-
t ion  2 ,  those core- f i xa t ion  methods  tha t  wou ld  imp ly  use  o f  the  s i te  as  a  waste  repos i to ry  by
great ly  inc reas ing  the  e f fo r t  tha t  wou ld  be  requ i red  fo r  subsequent  comple t ion  o f  c leanup opera-
t i  ons .

The part ial-cleanup alternatives for the dif ferent operatiors are not independent. .S.ince there
wou l i  be  l i t t le  j Js t i f i ca t ion  fo r  under tak ing  fu l l  ac t ion  fo r  one opera t ion-and par t ia l  ac t jon
for  another ,  the-s ta f f  w i l l  cons ider  on ly  ce i ta in  combina t jons  o f  par t ia l  c leanup a l te rna t ives
that can be examjned independently for each operation'

2 . 1 . 3 . 1  C o r e  F i x a t i o n

I t  i s  un l i ke ly  tha t  any  o f  the  fue l  o r  in te rna l  par ts  in  the  RFV are  sa lvageab le  fo r  use  in  the i r
p resent  cond i i ion .  Hdnce,  the  on ly  a l te rna t ive  to  de fue l ing  tha t  wou ld  be  opened up  by  an  ear ly
bec is ion  no t  to  rebu i ld  wou ld  be  t i ra t  o f  immobi l i z ing  the  core  and remov ing  the  en t i re  RPV,  w i th
i ts  conten ts ,  and t ranspor t ing  i t  to  some o ther  s i te  fo r  u l t jmate  d isposa l .  In  v iew o f  the  s ize
(32 feet high and t4 feet in i iameter) and weight of th9 -RPV and j ts contents (greater than
i500 tons) , - the  h igh  rad ia t ion  1eve1s ,  the  we igh t  o f  sh ie ld ing  requ i r_ed fo r  t ranspor ta t ion  and

ihe  dange i 'o f  sp i l iage ,  the  s ta f f  cons iders  th is  op t ion  to  be  un feas ib le  and unacceptah le .

The par t ia l -c leanup a l te rna t ives  to  de fue l ing  tha t  have been cons idered by  the  s ta f f  a lso  invo lve

core ' f j xa t ion .  For  these a l te rna t ives ,  the  fue l  wou ld  be  jmmobi l i zed  by  means in tended to_pre-
vent  occur rence o f  c r i t i ca l i t y  and then sea led  ins ide  the  RPV by  means in tended to  p revent  leak-

age o f  rad ioac t iv iLy  to  the  env i ronment '

The prob lems tha t  must  be  dea l t  w i th  in  core  f i xa t ion  are :  (1 )  ensur ing  tha t  the  neut ron-
"U io iU ing  mater ja l  i s 'un i fo rmly  r l i s t r ibu ted  and the  fue l  i s  immobi l i zed  in  a  permanent ly  s tab le

i "n i lg r r i t i " "  so  tha t  c r i t i ca l i t y  cannot  occur ,  and (2 )  ensur ing  tha t  the  vesse l  remains  com-
p le te ly  sea led .

The a1 terna t ives  cons idered by  the  s ta f f ,  toge ther  w i th  b r ie f  assessments  o f  t .he j r  feas ib i l i t y '

a re  as  fo l lows.
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Fil l  the Reactor Pressure Vessel with Concentnated Boric Acid Solut ion

In  o rder  to  p reve i r t  loss  o f  the  bor ic  ac id ,  wh ich  is  essent ia l  fo r  p revent ing  c r i t i ca l i t y ,  i t
wou ld  be  necessary  to  sea l  o f f  the  open ings  in to  the  RPV.  Th is  wou ld  ba  d i f f i cu l t  to  do  w i thout
dra in ing  the  RPV f i rs t .  The rad ia t ion  leve ls  and worker  exF3sure  wou ld  then be  very  h igh  and i t
is unl ikely that the seals could be made secure enough to ensure that no leaks would occur. Lack
of knowledge of the reactor vessel integri ty increases this uncertainty. In addit jon, the el im-
ination of an external necirculat ing heat removal system would increase the average core tempe;l-
tu re  ( i .e . ,  heat  remova l  wou ld  be  e f fec ted  by  conduct ion  on ly ) .  There fore ,  s ince  the  long ' te rm
physical stabi l i ty of the core could nat be e';ured, the staff does not regard this alternative
as an acceptable one. :

Fi l l  the Reactor Vessel with Solid Neuttgn l \D!pr! L!{c!! ! i t ' i l les in Pel let <ir Part iculate Form

If this alternative were implemented, there wou' ld be no way to ensure tt ' i t  the pe1' lets or grains
were  un i fo rmly  d is t r ibu ted  th roughout  the  core ,  espec ia l l y  in  v iew o f  the  lack  o f  knowledge o f
the damaged core configuration. Thene may be regions of the core which have been fused or coni-
pacted together in such a manner that the pel lets or grains could not be proper' ly dist,r ibuted
throughout  the  core ,  and there  wou ld  be  no  re l iab le  way o f  be ing  sure  tha t  there  were  no  vo ids .
Under  these cond i t ions ,  i t  wou1d no t  be  poss ib le  to  ensure  tha t ,  the  core  wou ld  no t  go  c r i t i ca l .
To  avo id  the  necess i ty  o f  p rov id ing  water t igh t  sea ls  and to  avo id  the  r i sk  o f  p ressure  bu i idup or
leakage of radioactivi ty, i t  would be necessary to drain the reactor vessel after the pel lets or
grains had been distr ibuted. The dry core would have poor heat conductivj ty, and high local
temperatures could occur that would make the core physical ly unstable.* The wa+..er provides
sh ie ld ing  f rom the  nad ia t ion  emi t ted  by  the  core ;  hence rad ia t ion  f ie lds  ou ts ide  the  pressure
vesse l  wou ld  be  much h igher .  For  these reasons ,  the  s ta f f  does  no t  cons ider  th is  a l te rna t ive  to
be su f f i c ien t ly  sa fe  and re l iab le  to  be  acceptab le .

F i l l  the  Reactor  Vesse l  w i th  Cement  Conta in ing  a  Neut ron-Absorb ing  Mater ia l

D is t r ibu t ing  a  cement  s lu r ry  th roughout  the  core ,  w i thout  vo ids ,  to  ensure  the  phys ica l  s tab i l i t y
needed to  p revent  c r i t i ca l i t y  wou ld  be  ex t remely  d i f f i cu l t .  H igh  loca l  tempera tures  tha t  migh t
cause the cement to pulverize could occur. Removing the damaged core when i t  was immersed only
in water would be dif f icult  enough. Removing the damaged core at some future t ime after i t  had
been encased jn  cement  wou ld  be  fa r  more  d i f f i cu l t .  Remov ing  the  fue l  f rom a  so l id  b lock  o f
cement ,  14  f t  in  d iameter  and 20  f t  h igh ,  f i l l ed  w i th  fue l  e lements  and fue l  rods  wou ld  requ i re
the use of saws and air hammers that generate a great deal of debris, and would f ikely generate
much higher occupational radjat ion doses than removing the fuel from water. The staff does not,
there fore ,  cons iden immobi l i za t ion  in  cement  to  be  an  acceptab le  a l te rna t ive .

Part ial Core Removal and Dry Layup

If a suff iciently large fract ion of the fuel were removed from the core, enough to ensure that
the  amount  remain ing  was be low the  th resho ld  fo r  wh ich  c r i t i ca l i t y  cou ld  occur ,  then i f  the
reac tor  vesse l  were  dra ined the  remain ing  fue l  cou ld  be  le f t  jn  p jace  w i thout  danger  o f  coo lan t
leakage to the environment. However, integri ty of al l  seals to the reactor vesscl cou' ld not be
assured fo r  long  per iods  o f  t ime,  and escape o f  some rad ionuc l ides  wou ld  be  f i ke ly .  Another
d isadvantage o f  th is  a l te rna t ive  is  tha t  w i th  the  water  removed,  the  rad ia t ion  leve ls  ou ts ide  the
pressure vessel rruuld become very high. However, the primary reasons that the staff does not
regard this as an acceptable alternative is that after the work effort and worker exposure for
remov ing  most  o f  the  fue l  had been incur red ,  there  wou ld  be  no  advantage ga ined by  no t  compie t ing
the  task  and remov ing  a l l  o f  the  fue l  and thus  remov ing  a  po ten t ia l  hazard  fo r  the  fu tu re .

0n  the  bas is  o f  the  preced ing  cons idera t ions ,  the  s ta f f  f inds  core  f i xa t ion  to  be  an  unacceptab le
opt ion  tha t  does  no t  mer i t  fu r ther  cons idera t ion .

*The TMI-2  core  wou ld  no t  go  c r i t i ca l ,  regard less  o f  the  conf igura t ion ,  i f  i t  were  per fec t l y
dry and no other neutron moderator were introduced. Precautions would be needed to ensure
tha t  there  is  su f f i c ien t  boron  in  the  sa ter  to  p reven l  recr i t i ca l i t y  be fore  i t  was  fu11y
drained, and to ensure that the core could not go cnit ical from inleakage of unborated wato! '
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1.1.3.2 Reactor Coolant System Treatment

Full  decontamination of the reactor coolant system (RCS) would involve draining the contaminated
water; removing the fuel-fai lure debris fnom the system by f lushing, chemica1 treatment, or other
means; and f lushing with appropriate solut ions in order to remove any remaining contamination
adhering to inside surfaces. Decontamination of the RCS is treated in Section 6,

An early decision to decommission t.he plant would open up the alternative of dismantl ing and
scrapp ing  a l l  o f  the  RCS equ ipme . : ' .  Even i f  the  decommiss ion ing  a l te rna t ive  were  se lec ted ,  i t
would be necessary to drain the system and remove any fuel debris that might spi l l  during dis-
mantl ing and removal. In addit ion, an analysis would be needed to determine whether addit ional
decontamination, beyond that needed to avoid spi l lage, would decrease the overal l  occupatiorral
exposure. The exposure to decontamination workers could be less tharr the expasure that worl<ers
would receive rvhi le dismantl ing the equipment and packaging i t  for transpot' t  without further
decontamination. There is not suff icient inforntat ion on the condit ion oi the RCS to carry out
such an analysis at this t ime, and i t  extends into a post-decision period that is oeyond the
scope of this document; hence, the analysis of this alternative wil l  not be carr ied through in
this statement. By the t irne the cleanup work has reached the point where decontamination of the
RCS can begin, the information needed to make a decision between rebui lding or decommissioning
shou ld  be  ava i lab le .

The no-action option for cleanup of the RCS would be reasonable only in the context oi a complete
no-ac t ion  p1an.  Th is  op t ion  is  unacceptab le  fo r  reasons  presented  in  Sec t ion  2 .1 .1 ;  hence,  i t
wi l l  not be given further consideration.

0f the pantia' l-cleanup alternatives that might be considered, any +-hat ryould leave contaminated
water in the system can be ruled out as unacceptable for the same reasons that were given in
d iscuss ing  t rea tment  o f  the  sump water  (9ec .2 . I .2 - l )  and core  f i xa t ion  (Sec .2 .1 .3 .1 ) .  The
acceptable alternatives for the part ial-cleanup options worrld, therefore, involve draining the
contaminated rvater from the steam generator and piping anJ removing the water from dead legs
(i .e.,  sections of pipe that are connected to the system in such a manner that they do not drain
when the system is drained). This leaves a range of alternatives that dif fer only in the amount
of contamination removed. Debris in the form of sludge would dry and cake with the water removed
and become more dif f icult  to remove later.

Insofar as the staff has Lreen able to determine, there are no advantages to be gained by part ial
cleanup of the RCi i f  the fuel and interiral mechanisms must be removed fnom the RPV. In view of
this circumstance and the above-noted hazards associated with part ial  RCS cleanup, the staff
considers the part ial-cleanup alternatives for the RCS to be unacEeptable.

2.1.3.3 kiS l{ater Decontamination

The on' ly alternatives that have been found to be acceptable for defuel ing t.he reactor and decon-
taminating the reactor coolant system require drainir ig of the s-vstem. The only alternatives open
for managing the contaminated water are to store i t  without processing, or to process i t  to
remove the sol id radionucl ides. The f irst alternative js considered unacceptable by the staff
fo r  the  reasons  g iven in  Sec t ion  2- I .2 .L .  The second a l te rna t ive  is  examined in  de ta j l  in  Sec-
t i o n  7 . 1 .

2.2 DEC0lill'tISSI0NING

The purpose o f  th is  sec t ion  is  to :  (L )  rev iew br ie f l y  the  s teps  in  the  c leanup process  tha t
precede the alternatives of restart ing or decommissioning in order to determine whether an early
decision to decommission has any impact on the nature or sequence of those steps, and (2) evalu-
ate the impacts on the environment that would result from the decommissioning of TMI-2 sometime
in the near future. Under normal circumstances, decommissioning fol lows the orderly shutdown of
a  fac i l i t y  a t  the  end o f  i t s  p lanned opera t ing  l i fe .  The s i tua t ion  a t  TMI -2  i s  s ign i f i can t ly
Cifferent from normal, with the reactor bui lding and the AFHB severely contaminated, and much of
the fuel core darnaged. In addit ion, a major cleanup effort is currently underway.

F igure  2 .1  i s  a  s imp l i f ied  dec is ion  po in t  d iagram vh ich  j l l us t ra tes  the  dec is ion  f low and ac t jv -
i t ies  wh ich  wou ld  be  invo lved in  a r r i v ing  a t  e i ther  a  r "e fu rb ished fac i l i t y ,  wh ich  cou ld  be
res tar ted ,  o r  a  deconmiss ioned fac i l i t y ,  wh ich  wou ld  eventua l l y  resu l t  in  a  s i te  w i thout  any
s ign i f i can t  res idua l  rad ioac t iv i t y  f ronr  the  prev ious  ex is tence o f  TMI -2 .  Severa l  decommiss ion ing
a l te rna t ives ,  eva lua ted  In  th is  respec t . ,  a re  a lso  ind ica ted .

ノ
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I t  shou ld  be  emphas ized a t  th is  po in t  tha t  ne i ther  the  dec is ion  to  re fu rb ish  or  decommiss ion
TMI-2 ,  nor  the  eva lua t ion  o f  the  fu I I  env i ronmenta l  impacts  o f  these ac t iv i t ies ,  per  se ,  a re
within the scope of the PEIS. However, because of the question of whether the consequences of an
early decision to decommission affect alternatives in the cleanup of TMI-2, the impacts of such
an ear ly  dec is ion  to  decommiss ion  have been eva lua ted  and su f f i c ien t  mater ia l  on  decommiss ion ing
in genenal has been provided in this section and in Appendix U to make the discussion understand-
able. The cleanup processes and the rat ionales for performing the various steps are presented in
Sect ion  2 .2 .1 .  The a l te rna t ive  approaches to  deconmiss ion ing  are  d iscussed in  Sec t ion  2 .2 .2 ,
w i th  the  impacts  o f  these a l te rna t ive  approaches g iven in  success ive  sec t ions :  was te  vo iumes
genera ted  (Sec .2 .2 .3 ) ,  e f f luen ts  and re leases  to  the  env i ronment  (Sec .2 .2 .4 ) ,  env i ronmenta l
i m p a c t s  ( 9 e c . 2 . 2 . 5 ) ,  a n d  d e c o m m i s s i o n i n g  c o s t s  ( 9 e c . 2 . 2 . 6 ) .  O e t a i l s  a r e  g i v e n  i n  A p p e n d i x  U .

2 .2 .1  Rat iona le  o f  In i t ia l  C leenup ! !cE iv i t ies

As d iscussed in  Sec t ions  1 .1  and 2 .1 ,  the  in i t ia l  c leanup campaign  a t  TMI -2  has  two pr inc ipa l
goa ls :  (1 )  to  sa fe ly  de fue ' l  the  reac tor ,  p lac ing  the  fue l  in  a  s to rage conf igura t ion  tha t  j s
sa fe  f rom nuc lear  c r i t i ca l i t y  and/or  fue l  me l tdown,  thus  prec lud ing  the  poss ib i l i t y  c f  an  inad-
ver ten t  uncont ro l led  nuc lear  reac t ion  occur r ing  in  the  fue l ,  and (2 )  to  co l lec t  and package fo r
d isposa l  the  la rge  quant i t ies  o f  water -so lub le  e . ,1  o therw ise  read i l y  d ispers ib le  rad ioac t iv i t y
present  in  the  p lan t  and to  u l t imate ly  remove the  rad ioac t iv i t y  f rom the  s i te ,  thus  prec lud ing
the  poss ib i l i t y  o f  i t s  inadver ten t  re lease to  the  env i ronment .  For  th is  reason i t  i s  pos tu la ted
tha t  p r io r  to  in i t ia t ing  any  decommiss ion ing  ac t iv i t ies ,  the  reac tor  bu i id ing  sump water  has  been
processed and the sludge has been removed, the wash down of the reactor bui lding and the instal-
la t ion  o f  temporary  sh ie ld ing  has  resu l ted  in  genera l -a rea  rad ia t ion  exposure  ra tes  on  the  oper -
a t ing  f loor  (347- f t  leve l )  in  the  5-10  mR/hr  range,  and in  the  basement  o f  the  reac tor  bu i ld ing
in  the  30  mR/hr  range,  and bu i ld ing  sur faces  have smearab le  contaminat ion  leve ls  in  the  3000-
4000 dpm/100 cmz range, exclusive of hot spots.

The imadiated fuel elements and debris have been removed and are assumed to be stored in the
spent fuel pool in the AFHB. Shipment of the jrradiated fuel to an away-from-reactor fuel stor-
age fac i l i t y  (AFR) ,  reprocess ing  p lan t ,  o r  some o ther  d isposa l  fac i . l i t y  i s  assumed to  beg in  v rhen
decommiss ion ing  beg ins  and to  cont inue un t i l  a l l  i r rad ia ted  fue l  has  been removed f rom TMI-2 .
However ,  lack  o f  a  su i tab le  fac i l i t y  to  rece ive  the  fue l  may resu l t  in  i t s  re ten t ion  in  the  spent
fue l  poo l  in  the  AFHB fo r  an  ex tended per iod  o f  t ime,  in  e f fec t ,  conver t ing  tha t  por t ion  o f  TMI -2
in to  an  AFR.

In  te rms o f  the  schedu le  shown in  F igure  1 .4 ,  ac t i ve  decomniss jon ing  e f fo r ts  wou ld  beg in  a t  the
conc lus ion  o f  the  fue l  debr is  d isso lu t ion  and the  chem' ica l  decontaminat ion  o f  the  reac tor  coo lan t
system and associated systems. As a practical matter, the ear' l  ier cleanup efforts contr ibute to
the  to ta l  decommiss ion ing  e f fo r t ,  bu t  fo r  conven ience in  th is  ana lys is ,  decommiss . ion ing  is  neces-
sar i l y  t rea ted  separa te ly  f rom the  in i t ja l  c leanup.  To  ob ta in  es t imates  o f  the  to ta l  impact ,  the
impacts  f rom the  in i t ia l  c leanup ( to  a . l low sa fe  de fue l ing)  shou ld  be  added to  the  impacts  f rom
decommi ssi oni ng.

Summar ies  o f  was te  vo lumes genera ted  dur ing  decommjss ion ing  opera t ions ,  e f f luen ts  and re leases ,
doses ,  and cos ts  a re  p rov ided fo r  each decommiss ion ing  a l te rna t ive  in  th is  sec t ion .  These va lues
are separate from the values provided in other sections of the PEIS for the cleanup and decon-
taminat ion  s teos .

2 - 2 . 1 . L  B u i l d i n g  O e c o n t a m i n a t i o n

To accompl isb  the  f i rs t  goa l ,  the  remova l  o f  the  i r rad ia ted  fue l  f rom the  reac tor  vesse l ,  i t  i s
necessary to reduce the amount of penetrat ing radiat ion in those work areas pert inent to the
defue l ing  opera t ions  to  leve ls  tha t  w i l l  permi t  reasonab le  occupancy  t imes fo r  the  workers  w i th -
ou t  undue rad ia t jon  exposure .  rn  keep ing  w i th  ALARA cons idera t ions ,  decontaminat ion  and sh ie ld -
ing  work  in  the  conta inment  bu i ld ing  pr io r  to  the  de fue l ing  opera t ions  w i l l  be  l im i ted  to  those
ac i i v i t ies  tha t  p roduce the  grea tes t  reduc t ions  in  a rea  rad ia t ion  dose ra tes  per  un i t  rad ia t ion
dose absorbed by  the  workers  do ing  the  decontaminat ion  and sh ie ld ing  ( f i rs t  phase decontamina-
t i o n ,  a s  d i s c u s s e d  i n  S e c t i o n  5 . 2 ) .  I t  i s  a n t i c i p a t e d  t h a t  t h e s e  a c t i v i t i e s  w i l l  i n c l u d e  v r a s h -
down o f  the  conta inment  bu . i ld ing  sur faces  us ing  water  je t  equ ipment ,  d ra in ing  and f lush ing  o f  the
conta . inment  bu i ld ing  sumps,  and ins ta l la t ion  o f  te rnporary  sh ie ld ing  around loca l i zed  ho t  spo ts  to
reduce genera l  a rea  rad ia t ion  dose ra tes .  Hands-on decontaminat ion  work  us ing  mops,  w ipes  and
assor ted  c leanse is  w i l l  be  done on ly  where  s ign i f i can t  reduc t ions  in  loca l  a rea  rad ia t ion  dose
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nates can be achieved. Surface decontamination efforts beyond those outl ined above wil l  gener-
al ly be performed as pant of the second phase of operations discussed in Section 5.2.

2 .2 .L .2  Fue l  Fragment  D isso lu t ion

It is presumed that many of the fuel rods in the reactor core were damaged during the March 28
acc ident ,  w i th  resu l t ing  loss  o f  c ladd ing  in tegr i t y  and po ten t ia l  fo r  d ispers ion  o f  fue l  par t i -
culates into the reactcr coolant system (RCS). While most of the larger fuel fragments probably
remain within the reactor pressure vessel, i t  is anticipated that many small  fuel fragments were
camied out into those port ions of the RCS that are external to the reactor pressure vessel.
Thus ,  there  may be  co l lec t ions  o f  smal l  fue l  f ragments  a t  var ious  loca t ions  w i th in  the  RCS,  wh ich
may create strong local radiat ion f ields due to the intense radioactivi ty present in the irradi-
ated fuel.  These local hot spots create two problems regardless of which choice is made for the
future disposit ion of I t4I-2:.  (1) the strong local radiat jon f ields wil l  cause increased radja-
t ion  dose to  t .he  personne l  work ing  in  the  v ic in i ty  o f  these spots  un less  care fu l  l y  sh ie lded,  an
ac t ion  wh ich  in  i t se l f  w i l l  resu l t  in  add i t iona l  rad ia t ion  dose to  t .he  workers ,  and (2 )  the
possible dispersion of these very small  and very radioactive fuel fragn,:nts outside of the RCS in
the event of equipment disassembly or replacement represents an addit ional hazard to the workers.
Pas t  exper ience has  shown s imp le  f lush ing  to  be  re la t i ve iy  ine f fecb ive  fo r  remov ing  very  sma11
fue l  par t i c ' les  f rom complex  f lu id  hand l ing  sys tems.  There fore ,  i t  i s  pos tu la ted  tha t  an  e f fo r t
i s  made,  fo l low ing  de fue l ing  o f  the  reac tor  p ressure  vesse l ,  to  chemica l l y  d isso lve  and remove
any fuel fragments not previously removed. The fuel disso1ution step is fol lowed by a chemical
decontanination of the RCS, to remove most of the remaining f ission products and activated cor-
ros ion  produc ts  p la ted  ou t  on  the  in te r io r  sur faces  o f  the  sys tem.  Nuc lear  c r i t i ca l . i t y  cons ider -
a t ions  wou ld  be  addressed in  assess ing  fue l  d isso lu t ion  op t ions .

2-2 .L .3  RCS Chemica l  Oecontaminat ion

The chemical decontamination step is required to further reduce the radiat ion dose to workers
wi th in  the  conta inment  bu i ld ing ,  regard less  o f  wh ich  a l te rna t ive  fo r  fac i l i t y  d ispos i t ion  is
eventua l l y  imp lemented.  The ra t iona le  fo r  do ing  the  chemica l  decontaminat jon  a t  th is  t ime is
tha t  do ing  so  p l^eserves  a l l  o f  the  op t ions  fo r  fu tu re  d ispos i t ion  o f  the  fac i l i t y ,  in  a  way tha t
is  qu i te  e f fec t i ve  in  te rms o f  rad ja t ion  exposure  reduc t ion .  Fa i l ing  to  per fo rm the  chemica l
decontaminat ion  be fore  p lac ing  the  fac i l i t y  in  sa fe  s to rage might  p rec iude ever  tak ing  such
ac t ion ,  s ince  the  pumps,  va lves ,  and assoc ia teo  equ ipment  requ i red  to  hand le  the  decontaminat ion
so lu t ions  wou ld  most  l i ke ly  be  unusab ie  a f te r  an  ex tended s to rage per iod ,  and the  impacts  o f  the
equ ipment  re fu rb ishment  tha t  wou ld  be  needed to  accompl ish  a  chemica l  decontaminat ion  a f te r  an
ex tended per iod  cou ld  be  s ign i f i can t .

2 .2 .2  Decommiss ion ing  A l te rna t ives

Decommiss ion ing  means to  remove the  fac i l i t y  f rom serv ice  and to  sa fe ly  d ispose o f  the  rad io -
ac t ive  res idues .T  Once the  in i t ia l  sur face  decontaminat ions  are  comple ted ,  the  reac tor  de fue led ,
the  fue l  debr is  removed,  and the  f i ss ion  produc t  and ac t iva t ion  produc t  depos i t ions  removed f rom
the coo lan t  sys tems,  decomniss ion ing  o f  the  nuc lear  s team-supp ly  sys tem can beg in .  Severa l
a l te rna t ive  approaches to  decommiss ion ing  are  poss ib le .  These a l te rna t ives  range f rom min ima l
fu r ther  c ieanup w i th  subsequent  phys ica l  secur i ty  under  appropr ia te  nuc lear  l i cens ing  res t r i c -
t ions ,  to  comple te  c leanup and remova l  o f  a l l  rad ioac t iv i t y  f rom the  fac i l i t y  and i t s  s i te  w i th
re lease o f  the  p . lan t  f rom a l l  nuc lear  l i cens ing  res t r i c t ions .

Three a l te rna t ives  can be  used fo r  decommiss ion ing  reac tor  fac i l j t i es :  Immed ' ia te  remova l  o f
rad ioac t ive  mater ia ls  (DECON),  sa fe  s to rage w i th  de fer red  remova l  o f  rad ioac t ive  mater ia ls
(SAFST0R) ,  and en tombment  o f  rad ioac t ive  na ter ia ls  (ENTOMB).  DEC0N permi ts  te rmina t jon  o f  the
fac i l i t y  opera t ing  l i cense,  wh i le  SAFSTOR and ENT0MB regu i re  the  cont inuance o f  an  amended ver -
s ion  o f  the  l i cense fo r  ex tended per iods  o f  t ime,  s ince  l i censab le  quant i t ies  o f  rad ioac t ive
mater ia l  remain  ons i te  ( i .e . ,  the  fac i l i t y  becomes an  in te r im waste  s to rage s i te ) .  The amended
nuc lear  l i cense a l lows the  l i censee to  possess  bu t  no t  opera te  the  fac i l i t y .  Each o f  these
a l te rna t ives ,  as  app i ied  to  TMI-2 ,  i s  de f ined and d iscussed in  the  fo i low ing  subsec t ions ,  w i th
suppor t ing  ana lyses  and de ta i l s  g iven  in  Append ix  U.

2 . 2 . 2 . L  I m m e d i a t e  D i s m a n t l e m e n t  ( D E C O N )

DECON js  a  pseudo-acronym def ined by  the  NRC as  the  immedia te  remova l  o f  a l ' l  rad ioac t ive  mater ia l
to  permi t  unres t r i c ted  re iease o f  the  proper ty .T  To ach ' ieve  th is  cond i t ion ,  the  res idua l  rad io -
ac t iv i t y  leve ls  in  the  fac i l i t y  must  be  su f f i c ien t ly  smal r  such tha t  rnembers  o f  the  pub l ic  who
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may occupy the decommSssioned facility would receive a negligible anount of radfation.  This
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甲Ch more Stringent than wOuld ,P required l° r refurDishmlnt.and restart of the

DECON neets the requirements for terminatSon of the facility operating license and renders the
facillty and 5ite aVatlable for unrestricted release within a finite period of time.  In exchange
for prompt avatlab号 ltty Of the facility and s:te for other purposes, large commStments of person―
nel radiation exposure, disposal― site space, and money are requtred.  Another factor favoring
DECON is the avai18bility of the facility operations staff to form a decommissioning work force
that is highly knowledgeable about the facギ lity,  Ellmination of continuing security, mainten―
ance, and surveillance requSrements (1.e., COntinuing care for SAFSTOR or ENTOMB) tS Of Smal]
benefうt on a site such as TMI which has another nuciear power unit on the property.

2.2.2.2  Safe Storage with Deferred Decontamination (SAFSTOR)

8↑F:モ倍早a]:a早31i:w[iXbttnte‖:i‖を8ile::需t:掃♀R:モi普nSint'8: :[:告立
tioS:feittrを:t予i:i:iaiを9ef!; asR:Si8:

consists of:  (1)a period of facility and site preparation, which includes removal of fuel and
concentration and immobilization of dispersible radloactive materials, followed by (2)an interim

period of continuing care (号 .e., Safe storage) that encompasses security, surveillance, and
maintenance, and concludes with (3)the deferred removal of any remaining radioactSvity.  The
nuclear lScense remains in force throughout the 3afe Storage period since materials having radio―
actilJity leVels above unrestricted release levels are sti]l onsite.  SAFSTOR could be modified to
incl〔tde storage of the trradiated fuel on the site for a finite period of time.

Deferred decontamination inciudes whatever action3 are requSred at the end of the period of
continuing care to terminate the nuclear license and to release the property fOr unrestricted
use.  Some disassembly and disposal of activated components is still required, but the per30nnel
radiation exposure and the disposal― site sPace requirements are potentially greatly diminished.
Deferred decontamination cannot, however, rely on the availabヽ lSty of facility operat'ons staff
for personnel familiar with the facility,

2.2.2.3  Entombment (ENTOMB)

ENTOMB means to encase and maギntain property in a strong and structurally long-lived material

l:3辛3占c鞘 耽巣脊臀総 鞘、ゴlettW8とp[|:‖njttn翠梢鮮∬挑齢。品:::allil。_
activity, the necessary entOmbment period can range from about 100 year5 fOr Short-lived con―

taminants such as Co-60 to many thousarrd5 0f years for transuranic nuclides in spent fuel.

ENTOMB is similar in nature tD SAFSTOR in that it a130 COnSists of a period of faci]ity and site

preparation, which includes removal of fuel and concentration and immobilization of dispersible
radioactive materials, followed by a period of continuing care that inc]udes security, surveヽ 1-

l ance, and maintenance activities.  ENTOMB 8iSO requires a nuclear license to remain in force a6

long as the entombed radioactivity exceeds unrestricted release levels.  The facility and site

preparations include comprehensive cleanup and decontamination outside of the entombment struc―
ture and confinement of nonre]easable materi31S Within the monolithic structure.  Continuing care
activities are minimal, unless the irrddiated fuel is stored onsite.

In the ENTOMB strategy considered for TMI… 2, the fuel is removed, but the reactor vessel and

internals are left in place.  As much as possible of the radioactive equipment from outside the
entombed strせ cture is consolidated and entombed within.  Under existing regulations, the nuclear

license must remain in force for an indefinite period of continuing care, until either the entombed
radioactivity has decayed to unrestricted release levels or the entombment structure is dismantled
and the entonbed radioactivity removed.

When it becomes desirable to terminate the nuclear license for ENTOMB, dismantling of the entomb‐
ment structure will probably be required.  This represents a task that is much more difficuit
than dismantling the unentombed facility, t,ince the entombrnent structure is built to endure for a

l●Ru periOd of time.  Therefore, while di5mantlement of the entornbment structure is not tech―

nically impossible, ENTOMB would be an almost irreversible creation of a radioactive waste repos―

itory on the site and commitment to lortg― ttJrm maintenance of the nuclear license.

/
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2.2,3 l{aste Volumes Generated during Decormissioning

The quanti ty of radioactive waste requir ing disposal varies signif icantly vi th the decommission-
ing alternative selected, with DECON producing the largest volune, fol lowed by ENT0ilB, and then
SAFSTOR. Estimates of the radioactive waste volumes requir ing disposal are developed in Appen-
dix U and are sumnarized in Table 2.1.

Table 2.1. Estinated Volumes of Radioactive Waste
from Oecommissioni ng Alternatives

一ヤ一ｉ一≡

Buria'l Volume (fts)a

Al ternati ve Acti vated Contami nated kadwaste Tota]

OECON
SAFSTORb

ENT0l.'lBb

40,600 609,000 22,000

22,000
372,000

671,000

22,000
394,00022,000

"V"lu". are rounded to three significant f igures.
h-Va lues  inc lude on ly  those wastes  f rom in i t ia l  decommiss ion ing  ac t iv i -

t ies. Cumulative volumes including those from deferred decontamina-
t ion should not exceed the DEC0N values.

The NRC staff considers ENT0MB to be an unacceptable alternative because i ts implementation would
(1) create a long-term radioactive waste repository on the Tl4I si te and (2) require maintenance
and admin is t ra t i ve  cont ro ls  fo r  a  length  o f  t ime cons idered nonfeas ib le  (100 years  o r  longer ) .

In the case of DECON, al l  of the radioactive wastes must be removed from the faci l i ty and i ts
s i te  to  sa t is fy  the  cond i t ions  fo r  te rmina t ion  o f  the  nuc lear  l i cense and unres t r i c ted  use  o f  the
property. In the case of SAFST0R, al l  or part of the packaged wastes could be placed in storage
within the faci l i ty for the duration of the storage period, with transfer to a low-level waste
burial ground rvhen defemed decontamination begins. In the case of ENT0l, lB, al l  of the residual
radioactivi ty must be confindd within the entombment barr iers. Storage of packaged wastes within
the  fac i l i t y  bu t  ou ts ide  o f  the  bar r ie rs  wou ld  no t  be  in  compl iance w i th  the  cond i t ions  de f ined
for entombment. Thus, al l  of the packaged wastes outside the barriers would have to be shipped
to a disposal si te during the ENTOli lB operations.

2 .2 .4  E f f luen ts  and Re leases  to  the  Env i ronment

Decommissioning operations are designed such that the containment/confinement capabil i ty of the
fac i l i t y  i s  ma in ta ined wh i le  the  opera t ions  are  in  p rogress .  As  a  resu l t ,  the  a i rborne  re leases
of  rad ioac t ive  mater ia ls  f rom decommiss ion ing  opera t ions  are  qu i te  smal1 ,  and the  assoc ia ted
rad ia t ion  doses  to  the  pub l ic  a re  a lso  qu i te  smal1 .  As  d iscussed in  e lsewhere  in  Sec t ion  2 .2 ,
accident-related radioactive l iquids are already processed and the radioactivi ty concentrated and
so l id i f ied .  There fore ,  no  s ign i f i can t  re leases  o f  rad ioac t iv i t y  in  l iqu ids  a re  pos tu la ted  to
occur during any of the decommissioning operations,

The es t imated re leases  o f  a i rborne  rad ioac t iv i t y  resu l t ing  f rom decommiss ion ing  opera t ions  are
summar ized in  Tab le  2 .2 .  Not  a i l  t ypes  o f  opera t ions  take  p lace  in  a l l  decornmiss ion ing  a l te rna-
t ives. The releases l isted represent upper-bound estimates for each type of operation.

2 .2 .5  Env i ronmenta l  Impacts

The pr inc ipa l  env i ronmenta l  impacts  resu l t ing  f rom decommiss ion ing  are  the  rad ia t ion  doses
received by the decommissioning workers and the volume of space required at a low-level waste
disposal si te for burial of the radioar:t ive wastes. Some small  radiat ion doses to the populace
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in the-v ic in i ty  of  the TMI s i te  could resul t  f rom the re leases of  a i rborne radioact iv i ty  postu-' la ted 
in  Sect ion 2.2.4.  L ikewise,  some smal l  radiat ion doses to the populace a long the t rans-

pontation routes between the site and the low-level waste burial gnound could result from the
radiation emanated by the packaged wastes while in transit. These impacts are summarized in
I " ! ! "  ? .3,  wi th br ie f  d iscussions of  the development  of  these dose est imates presented in the
fo l  lowing subsect ions.

Table 2.2.  Postu lated Releases of  Ai rborne Radioact iv i ty  to
to the Envi ronment  duning Decommissioning 0perat ions

Reference Airborne Release (Ci)
Dをとommissioning operation     R]|↓:‖せ:|↓」e DECON SAFSTOR ENTOMB

Segmenting Contaminated
Equipment

Activated Concrete
Removal

Contaminated Concrete
Removal

Water-Jet Cleaning

6 X 10-6

0.2 X 10-6

1.6 X 10-9

9.8 X 10… 6

5 X 10-6

―-       1.4 × 10-9

1.14 X 10-5   9.8 X 10-6

aSee Tables U.8 through U.11 in Appendix U for  character izat ion of  these inventor ies.

Table 2.3.  Est imated Cumulat ive Radiat ion Doses Resui t ing
from Decommissioning Operat ions

Radia t ion  Dose Rec ip ien t

Cumul  a t i  ve
Rad ia t ion  Dose (person- rem) '

DECON SAFSTORb ENTOMBb

Decommi ss i oni ng ! ' lorker

Transport I'lorker
Truck

Rai I

Pub l  i c

Normal  Decommissioning
Act i  v i  t i  es

Radwaste Transport
Spent Fuel Transport

160             13               85

6                6                  6

6 X 10-5 7 × 10-5

1800

74              6

1              1

6 X 10-5

40

1

aResults rounded to two significant figures.

bValues include only doses from initial decommissioning activities.

Doses fron deferred decontanination will be no more than the doses
from DECON, decreasing with increased deferral time.
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2.2.5.L 0ccupat ional  Radiat ion Doses

The radiation doses received by decommissioning wonkers ane estimated by multiplying the number
of exposure hours experienced 6y the direct deiommissjoning crews while perfo-rming. a given task
times'the average loial radiation dose rate in the area where the task is performed, and summing
oven a l l  tasks.  

-A 
deta i led est imate for  each of  the decommissioning a ' l ternat ives is  developed in

Appendix U, with the summaries for each major structure presented in Table 2.4. The estimated
eliosure hours and doses do not include any contributions from supervision and support staff not
d i iect ly  engaged in the decommissioning act iv i t ies in  radiat ion zones.  Radiat ion doses received
by thesL typei of pepsonnel are postulated to be small, not exc;eding a few p-ercent of. the amount
r-eceived UV tne direct decommissioning crews, and well within the accuracy of the estimates made
for the vork crews.

The radiation doses neceived by transportation workers resulting from the shipment 0f radioactive
materials from the site to a 1ow-level waste bunial ground and from the shipment of the irradi-
ated reactor fuel from the site to a storage or disposal facil i ty are estimated in detail in
Appendix U. The number and type of shipments_, together-wjth the associated radiation doses, are
piesented in Table 2.5 for each of t.he decommissioning a'lternatives.

Table 2.4. Estimated Cumulative Radiat ion Doses Received by
Di rec t  Decommiss ion ing  Workers

SAFSTORA ENTOMBA

Structure Exp.  Hrs. Person-Rem Exp. Hrs. Person-Rem Exp. Hrs. Person-Rem

Contai nment
B1 dg .

AFH B ldg .

Other Bldgs.

Total sb

110,300

139,000

18,000

267,000

1,500        15,400          82

278        53,900         121

35         5,000          15

1,310        74,300         218

110,000       1,020

107,000         213

18,000          35

235,000       1,270

avalues inc lude only doses f rom in i t ja l  decommissioning act iv i t ies.  Doses f rom deferred
decontanination wil l be no more than the doses from DEC0N, decreasing with increased
deferral t ime.

bTot" l .  rounded to three s igni f icant  f igures.

Tab le  2 .5 .  Es t imated Cumula t ive  Rad ia t ion  Doses  Rece ived by
Transpori:at i  on Workers

Decommi ssi oni ng
A'lternati ve

Truck Transport

No. Shipments Person- Ren

Rai 1 Iransport

No. Shipments Person-Rem

DEC0li

SAFSTORA

ENTOIi,IBA

1,400

114

755

157.0

12.3

84.6

6 . 2

6 . 2

6 . 2

avu luer  inc lude on ly  doses  f rom in i t ia l  decommiss ion ing  ac t iv i t ies .  Doses  f rom
deferred decontami-nation wil l  be no rrrore than the doses from DEC0N, decreasing
wi th  inc reased de fer ra l  t ime.
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2.2.5.2 Of fs i te  Radiat ion Doses

The dose estimates presented in Section 2.2.5 and listed in Table 2.3 for normal decommissioning
activit ies are developed in Appendix U. Also in Appendix U are dose estimates to the maximum-
exposed individual. The significance of these doses and their human health and environmental
consequences are discussed in Section 10.3.

Radiation doses to the populace residing,along the transportation routes between TMI and disposal
sites are estimated assumirg each shipment emits gamma nadiation at the maximum level permitted
by 00T regulations. ine resulting estimated radiation doses, which are upper-l irnit estimates,
are a'lso shorvn in Table 2.3. Actual experience indicates that these dqses vi. l l  be.much less.
The s igni f icance of  these doses is  d iscussed in Sect ion 10.3.

2.2.5.3 0ther  Envi ronmental  Impacts

Other environmental impacts resulting from the Jecommissioning of Tltl l-Z are very similar to those
for the cleanup effort discussed in Section 10.5, but of a lesser magnitude since fewer workers
will be involved (.500,000 person-hours) and since th'e'$rf,bs decontamination and cleanup efforts
wil l have been completed prior to the start of decommissioning.

Renoving all of the radioactive materials from T[1I-2, as would occur for DECON, may tend to
reduce the anxiety level and psychological stress of the local residents. However, transporting
material from Tl,lI to a disposal site may heighten the anxiety level and psychological stress of
those people residing along the transport routes.

Placing TllI-2 in safe storage wil l require even fewer workers than 0EC0N or ENTOMB
(*125,000 person-hours) ,  thus resul t ing in  a smal ler  loca1 payro l l .  The retent ion of  the bulk of
the radioactive materials onsite during the safe storage period might terd to continue the exist-
ing levels of anxiety in the local community, even though the readily dispersible radioaciive
materials have been solidif ied and packaged. Since transport of the radioactjve materials from
TilI to a disposal site produces the largest estimated radiation dose to the public of all of the
decommissioning operations, E! shipping that material would tend to reduce the anxiety level
among the populace along the transport routes.

Entombing the lower levels of the containment building would have an impact on the local payroll
very similar to that of 0EC0N. In terms of public anxiety and psychological stress, ENT0MB
combines the worst features of DECON and SAFSTOR, since a large amount of radioactive material is
transported offsite but the entombed reactor containment building remajns as essentially a perma-
nent waste repository.

2.2.6 Decommissioning Costs

The cost estimates for decommissioning Tl'1I-2 following the init ial cleanup effort, removal of the
irradiated fuel from the reactor, and dissolution of fuel debris and chemical decontamination of
the RCS and associated f lu id-handl ing systems are developed in Appendix U (Sec.  U.3.5 for  DEC0N,
Sec.  U.4.7 for  SAFST0R, and Sec.  U.5.5 for  ENT0l l lB) ,  and are sumlnar i ' '  I  in  Table 2.6.  These
estinates are based in large part on information developed in earlier studies of decommissioning
a lange pressurized water reactor power station,8'e with labor and materials escalated by l7
percent to bring their costs to mid-1980 levels. Energy costs estimated earlier8 are escalated
by 32 percent. Costs for transponting radioactive materials by tnuck are based on current rates
for exclusive-use vehicles. Handling and disposal charges at a low-level waste burial ground are
based on a price l ist (Cated November 17, 1980) issued by the Nuclear Engineering Company for
thei r  Richland,  Washington,  s i te .

2.3 OISPOSAL OF RADIOACTIVE WAS'E

The accident at Tl. lI-2 led to the generation of materials that contain or are contaminated with
radionucl ides.  These radioact ive mater ia ls ,  in  the form of  so l ids,  l iqu ids,  semisol ids,  and
gases for which no further use is foreseen, are referred to as radioactive wastes, These radio-
active wastes must be managed from their init ial generation through their ult jmate disposition in
a manner consistent with personncl and public safety, minimum spread of contamination, and com-
pliance with regulatory requirements.

This sect ion presents a d iscussion of  the major  a l ternat ives for  d isposal  of  radioac+ive wastes
that could be generated by the decontamination and defueling of TMI-2. The forms of waste are
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characterized, negulatory requirements that define the constraints fsr various steps within the
waste management cycle are discussed, and the alternatives considered for waste treatment,
condi t ion ing,  packaging,  sh ipnent ,  and u l t imate d isposi t ion are d iscussed.

Table 2.6.  Estimated Costs for Decommissioning
TMI…2 Via DECON, SAFSTOR, and ENTOMB

需辛岳!i9古lillキ♀]景5)ξ
Cost Category DECON SAFSTOR      ENTOMB

Oecommissioning Labor
Di rect
Support

Radwaste Disposal

Spent Fuel Shipment

Energy

0ther Costs
SuppI ies
Equipment
Contractors
Nuclear Insurance
Licensing Fees

Subtotal
25% Contingency
Total s

Annual Continuing
Care Cost

0eferred Decontamination

―-          0.060

占-         43.8

7.200
8.900

14.600

2.500

4.620

1.820
0.960

0.640

0,940
0.360

42.200

10.600

52.8

1.890
3.048

1.210

2.500

2.640

1.040
0.090

0.123
0.344
0.045

12.900

3.230

16.2

7.200
8,920

8.500

2.500

4.620

1.320
0.960

0.510
0.940
0。050

36.000

9,000
45.0

0.040

～44.0

"Values rounded to three significant f igures.

2.3.L I'laste ChamcLgr'!Za'E'!pn

The radioactive wastes at Tl i l l -2 arise from the accident and from decontamination operations.
Each source generates primary waste, rvhich is the form of the radioactive material at the t ime i t
is generated, and secondary waste, which is the form of the material that arises from treatment
of i ,he primary vaste. The types of waste that could be generated at TMI-2 are shown by sounce in
Figure 2.2.

A major factor governing the alternatives to management of radjoactive wastes is i ts physical
form. The waste types shown in Figure 2.2 can be divided into four categories which ref lect
the i r  phys ica l  charac ter is t i cs :  (1 )  so l id  mater ia ls  (d ry  mater ia ls  in  bu lk  fo rm) ,  (2 )  p rocess
so l ids  (wet  so l ids  in  the  fo rm o f  s ludges ,  h igh-so l ids -conten t  s lu r r ies ,  o r  g ranu lar  mater ia ls
and ion-exchange med ia  and spent  f i l te r  car t r idges) ,  (3 )  l iqu ids  ( l iqu ids  contaminated  w j th
rad ioac t ive  mater ia ls ) ,  and (4 )  i r rad iabed fue l  assembl ies ,  (5 )  gases  ( the  Kr -85  in  the  reac tor
bui lding). The characterist ics of each waste type within these categories are described below.

2 . 3 . L . L  S o l i d  l t l a t e r i a l s

Imadiated Hardware

These wastes consist of the structural hardware and other components within the reactor vessel at
the t ime of the accident and the deblir ;  generated as a result of fuel assembly and component
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Figure  2 .2 .  Charac ter iza t ion  o f  TMI -2  Rad ioac t ive  Haste  Forms.
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damage during the accident. The wastes, general ly are sol id rnetals and represent a low- to nela-
t ively high-ict ivi ty source of sol id waste material.  Core internals and components have been
removLd fiom other 

-LWRs 
and disposed of as waste. However, the possible extent of damage to

these components and the nature of the debris that could be present in the reactor vessel make
these Yastes unique to Ti'lI-2.

Trash

Radioactive trash generated during the decontamination operations wil l  consist of compactible and
noncompactible sol id material,  some of which also is conbustible. The compactible and combusti-
b le  so l ids  cons is t  o f  d isposab le  c lo th ing ,  rags ,  p las t i c  covers ,  laydown pads ,  and misce l laneous
trash. The amount of qiaterial generated is proport ional to the number of personnel engaged in-
decontamination and the t ime required to complete decontamination openations. The noncompactible
so l ids  cons is t  o f  too ls ,  hoses ,  sa fe ty  gogg les ,  misce l ' laneous cons t ruc t ion  mater ia ls '  and o ther
small  i tems of equipmeni used by decontamination personnel, The amount of noncompactible sol ids
generatgd also i i  dependent on the number of personnel involved and the t ime required for decon-
iamination. The form and specif ic act ivi ty of the sol id waste generated by the decontamination
crew is comparable to the sol id waste generated from decontamination operations at Ll ' lRs and other
nuc lear  fac i l i t i es .

Contami nated Equipment

It  may not be possible to decontaminate some of the equiprnent contaminated during the accjdent.
Th is  equ ipment ,  in  the  fo rm o f  motors ,  pumps,  va lves ,  ins t rumenta t ion ,  and o ther  components ,  w i l l
be handled as radioactive vraste. The form and specif ic act ivi ty of this type of sol id radio-
active waste is comparable to that generated from decontamination operations at other nuclear
fac i  I  i t ies .

2 . 3 . I . 2  L i q u i d s

Accident Uater

Acc ident  water ,  wh ich  w i l l  be  hand led  as  rad ioac t ive  waste ,  i s  p resent  in  two loca t ions :  the
reactor bui lding (RB) and the reactor coolant system (RCS). The accident water which col lected
ia the AFHB after the accident has been processed and the processed water is presently stored in
tanks onsite. The water in the reactor bui lding sump is somewhat complex in both chemical and
phys ica l  makeup.  The reac tor  bu i ld ing  water  jnc ludes  s ludge,  h igh  to ta l  suspended.  and d isso lved
io l ids ,  and co i lo ids .  I t  a lso  conta ins  t r i t ium,  rad ioac t ive  f i ss ion  produc ts ,  sod ium,  and boron.
The specif ic act ivi ty of the reactor bui lding water is higher than that of the water in the RCS.
The water  in  the  RCS conta ins  t r i t ium,  rad ioac t ive  f i ss ion  produc ts ,  sod ium,  and boron.  The
nater  i s  con taminated  w i th  rad ioac t ive  f i ss ion  produc ts  and. fo r  some rad jonuc l jdes  has  spec i f i c
activi ty levels higher than the reactor bui lding sump water and may contajn fuei part icles and
t ransur ln ics .  ProCess ing  o f  acc ident  water  us ing  ion  exchange,  evapora t ion ,  o r  f i l t ra t ion  tech-
niques could lead to the generation of secondary waste forms consist ing of tr i t iated water,
process sol ids in the form of loaded ion-exchange materials and evaporator bottoms, and sol id
waste in the form of spent f i l ter cartr idges.

Tri t iated Water

There are no practical 
' large-scale 

techniques avai lable to decontaminate accident water to remove
the  t r i t ium or ig ina l l y  p resent  and a l l  techn iques  w i l l  leave t race  amounts  o f  f i ss ion  produc ts .
There fore  the  p iocess ing  w i l l  resu l t  in  nas tewater  conta in ing  t r i t ium a t  concent ra t ions  essen-
t ia l l y  the  same as  be fo ie  t rea tment .  Th is  t r i t ia ted  v ra te r  w i l l  represent  a  fa i r l y  h igh  vo lume o f
very  low-spec i f  i c -ac t iv i t y  l iqu id  waste .

Water-Based Decontamination Solut ions

Some of the decontamination procedures that wi l l  be used involve the use of water to rvash down
in terna l  bu i ld ing  sur faces  and equ ipmerr t .  Th is  water  w i l l  become contaminated  w i th  the  rad io -
active materials i t  washes off the surfaces. The chemical and physical characterist ics of this
contaminated water wi l l  depend on the contamination levels of the surfaces washed, the procedure
used for appl icat ion of the water, and the extent to which detergents are used. General ly, such
water -based decontaminat ion  so lu t ions  r :on ta in  suspended so l ids ,  f i ss ion  produc ts ,  and sma11
amounts of chemical contaminants and detergents. The solut ions represent a relai ively large
vo lume o f  low-spec i f i c -ac t iv i t y  l iqu id  vas te  comparab le  to  the  so lu t jons  genera ted  f rom
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tlecontanination of other types of nuclear facil i t ies. Processing of these solutions using i3;;
exchange o_r- evaporation could lead to the generation of secondary waste forms consisting of
pt=oce5s solids in the form of loaded ion-elchange materials and evaporator bottoms.

Chemical Decontamination Solutions

Decontamination operations also.can be performed yith chemical solutions (e.g., strong detergent
solutions on foam-type decontamination'agents). The physical and chemicil 

-chhracterlstics 
if

these decontamination solutions ane mone conplex than those arising from the use of water. Their
effectiveness could be greater than that of water-based solutioniso that the resultant l iquid
may have higher specific activit ies than nould water-based solutions. The volume cf chemical
solutions ggnerated could be less than the volumes of water-based liquids generated. t 'Jhile
relatively large volumes could be generated, the nature of these chemical solution l iquid wastes
and their specific activity would be comparable to that generated from decontamination'operations
at other types of nuclear faci' l i t ies. Processing of theie chemical solutions using evaporation
could lead to the generation of secondary waste in the form of evaporator bottoms.- Bituminiza-
tion could lead to secondary waste in the form of bituminized solids.

2 .3 .1 .3  P rocess  So l i ds

The process solid wastes that arose from the accident and could arise from the treatmenf, of
accident watey and decontamination l iquids are discussed in this section.

Accident Sludge

This form of process solids arose from the accident and is present in the sump of the reactor
bui ld ing and in tanks and sumps in the auxi l iary and fuel  handl ing bui ld ings.  

'The 
chemical  and

physical  character is t ics of  the s ludge wi l l  be re lat ive ly  complex-and var iable.  This s ludge is
contaminated wi th radioact ive f iss ion products and wi l l  represent  a re lat ive ly  low-vo1ume, h igh-
specific-activity form of radioactive waste. The nature of this radioactive waste is not-
directly comparable in form or specific activity to sludges generated by other LltRs.

Loaded Ion-Exchange Materials

The use of ion-exchange media in the form of orgrnic resins or zeolites to rp', iove fission product
conrl.aminants from the- l iquids could lead to thi generation of process soltds in the forrir of
loacjed ion-erchange mater ia ls .  The speci f ic  act iv i t ies and radionucl ide contents of  the loaded
ion-exchange media wi l l  vary wi th the l iqu ids processed through the media,  the contaminants
selectively renoved from the l iquids, and the capacity of the media to retain contaminants. Some
of  the l iqu ids that  could be t reated us ing ion-exchange techniques wi l l  generate wastes wi th
speci f ic  act iv i t ies wel l  above those nornal ly  generated in  LWRs, whi le  processing of  other
l iqu ids wi l l  lead to wastes wi th speci f ic  ac+.- iv i t ies wei t  wi th in the range normal lygenerated by
a flr lR. Thus, loaded ion-exchange materials could represent a relatively high volume of procesi
solid waste with specific activit i '-s in the low to r.,ery high range relative to the expended
ion-exehange material generated by orher PlJRs. The rejatively high specific activity and nature
of the fission pnoduct contaminants on some wastes wil l make them unique to TMI-2.

Evaporator Bottoms or Sludges

The use of evaporation techniques to reduce liquid waste r/o'lumes could lead to the generation of
process solids in the form of evaporator bottoms or sludges. The physical characteristics of
these process solids would depend on the solids content of the l iquids evaporated arrd the equip-
ment used for evaporation. These characteristics could range from slurries containing
10-20 weight  percent  so l ids to s ludges wj th sol ids contents in  excess of  50 veight  percent .

The speci f ic  act iv i t ies of  these process sol id  wastes a lso could vary oven a wide range,  and
could be above those normally generated by LURs. Evaporation of decont-amination soiutions could'lead 

to higher-than-normal concentrat,ions of chelating agents jn these process soljds.

Fi lter Cartridge Assembl ies

This form of  so l id  waste wi l l  ar ise f rom the t reatment  of  l iqu ios.  F i l ter  car t r idge assembl ies
are typ ical ly  r ight-c i rcu lar  cy l inders which are used to remove par t icu iates f rom l iqu id waste;
the contaminated particulates are deposit.ed on the fj l ter. They represent a low- to very-high-
speci f ic-act iv i ty  form of  so l id  waste,  wi l :h  thei r  speci f ic  act iv i ty  dependent  on the contaminants
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in the waste stream processed. l. lost of these cartridges are similar to those used for l iquid
treatment in other' Ll{Rs, and their specific activity could be comparable to the higher-activity
fi l ter assemblies generated at other pressurized water reactors (PWRs). The nature of some of
the contaminants in certain of the TllI-2 l iquid wastes may lead to the generation of spent f i l ter
cartridges with unique contaminants and specific activit ies higher than normal.

Bi tuminizeO Sol iOs

The use of bituminization could lead to the generation of process materials in the form of
b i tuminized sol ids.  These wastes rv i l l  be in  the form of  a monol i th ic  sc l id  conta in ing about
50 weight pencent evaporated salts and 50 weight percent bitumen.

2.3.L.4 I r radiated Fuel  Assenrbl ies

The fuel assemblies that make up the reactor core were damaged in varying degrces during the
accident .  These i r radiated fuel  assembl ies conta in uranium, p lutonium, and assor ted f iss ion
products and are high level wastes. The possible extent of damage to these fuel assemblies makes
them unique rela+-ive to 'he irradiated fuel assemblies at other l ight water reactors (Ll, lRs).

2 .3 .1 .5  Gases

Since essentially al1 of the Kr-85 gas in the reactor building atmosphere that arose frcm the
accident was vented* into the outside atmosphere, no secondary waste forms wil l arise.

2 .3 .2  C lass i f i ca t i on

Regulatory c lass i f icat ion of  radioact ive waste is  a factor  in  evaluat ing a l ternat ives for  u l t i -
mate d isposi t ion of  these waste mater ia ls .  Classi f icat jon wi l l  determine the standards appl i -
cable to packaging and transportation and the types of facil i t ies that can be used for their
u l t imate d isposi t ion.  Federal  regulat ions concenning radioact ive mater ia ls  are d iscussed in
Section 1.6. Historically, three classes of waste commonly have been referred to:

性itth―lQYel waste(HLW).
i rnadiated nuclear  fuel

These wastes are spent fuel or the wastes resulting from
dur ing reprocessing.

. Transuranic (TRU) waste. These wastes are made up of materials which contain or are
@ n i c e ] e m e n t s , w i t h a t o m i c n u m b e r s h i g h e r t h a n u r a n i u m . W h e n
waste material contains concentrations of transuranic elements in excess of l0 nano-
curies per gram, they are considered TRU waste.

. Low-level waste (LLIJ). These wastes are made up of all radioactjve waste materials
tfifr ar"e noTTIF or TRU waste.

It. should be noted that these three broad waste classifications have e'rolved over the years based
upon operations of the nuclear industry. In this regard, no regulatory framework was developed
to specifically address the types of unique waste fonms that may be generated at Tlit l-2 as a
result of the accident. Accordingly, the wastes resulting from TMI-2 cleanup wil i have to be
canefully reviewed on a case-by-case basis with regard to important characterisijcs such as
specific activity, radionuclide content, total radioactivity inventory, and waste forms and
stabi I ity.

Ul t imate d isposi t ion of  such wastes wi l l  depend on the unique character is t ics they possess and on
sui table fac i l i t ies for  thei r  handl ing and d isposal .  For  example,  because of  the h igh concentra-
t ions of  cer ta in long- l ived nucl ides (approximately  30-year  hal f - l ives) ,  par t icu lar ly  Cs-137 and
Sr-90,  cer ta in forms of  TMI-2 yastes may not  be sui table for  handl ing by rout ine shal low land
bur ia l  techniques.  The waste mater ia ls  af fected could inc lude very h igh speci f ic  act iv i ty  loaded
ion-exchange mater ia ls ,  acc ident  s ludges,  and spent  f i l ter  car t r idges.

The primary and secondary waste forms and their potent' ia1 dispositions considering the current
regulatory f ramework are shown in F igure 2.3.  Many of  the wastes can l ike ly  be c lass i f ied t tnder

xResidual amounts of Kr-85 from offgassing in the reactor building continue to be vented from the
reactor  bui ld ing ( i .e . ,  pr ior  to  persorrnel  entr ies) .  In  addi t jon,  the fuel  s t i l l  conta ins approx-
imate ly  45,000 addi t ional  cur ies of  Kr ' -85,  some of  which could be re leased dur ing defuel ing.
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pnesent intcrpretations as low-level waste or transuranic waste. However, because various char-
acteristics of sore of the *astes that will be generated are unique to TllI-2, higher standards of
cane than those required for .'outine standard treatnent of low-level waste might have to be
applied. Thus, certain batches of loaded ion-exchange materials, accident sludges, and indi-
vidual spent filter cartridges are likely to require special.. consideration and treatnent. The
standardi applied to these unique wastes will be considered bn a case-by-case basis and, vher-e
warranted, these wastes will be handled, packaged, and disposed of in accordance with special
requirerents.'

2.3.3 Alternatives for Disposition of Radioacti.ve tJaste

The alternatives considered for ultimate disposition of TllI-2 radioactive waste depend on the
physical and chenical characteristics of the radioactive materials, their radionuclide content
and specific activity, and the regu'lations governing packaging, transportation and disposal.
These-factors establish the boundary conditions for consideration of the alternatives or options
available tithin the waste nanagement cycle. The steps within the radioactive waste management
cycle at T!lI-2 are shorn in Figure 2.4 and are discussed below.

Collection and Segregation. In the init ial step, waste materials are accumulated and segregated
@hysical form and radionuclide content.

Jreatnent. Treatnent is a step which ret'ers to the processing operations leading to the concen-
ffi:Ei-on of radionuclides into a smaller volume. For l iquids, the radioactivity of the treated
liquid is substantially reduced, enabling it to be disposed of by various means or reused.

Conditioning. Conditioning ir a step which refers to those openations that transform the concen-
ffiFrodu-ced during treatnent or untreated materials into forms suitable for transportat-ion or
disposai. Conditioning includes immobilization, which converts radioactive waste materials in
the-fonn of l iquids and procoss solids into a stable imobile form with the radioactive materials
honogeneously dispersed within it. Conversion to this form ninimizes radionuclide release to the
enviionnent during storage, transportation, and disposal. A detailed description of the tech-
niques used to innobil ize rnidioaciive waste and the characteristics of the resultant forms using
a variety of binder materials is presented in Appendix H.

Packaging. Packaging refers to placement of the radioactive material into a disposable con-
6iner. fne container is ,a barrier to radionuclide release and a means,rf handling the waste
during interim storage, transpo.tation, and disposal. The container also Inay serve as the vessel
in which imobil ization operations are performed.

Package Handlj4g. Package handling refers to those operations that move containers within the
TacifTh-ffiethods u-sed for tranOling depend on the radiation level of the container and its
size and weight. These methods include hands-on, semiremote, and remote handlrng, as we'l l as
placement of the container within a transfer shield to reduce radiation levels.

Storaqe. Storaqe is the containment of radioactive wastes in a manner that provides for their
fr6E66ient retrieval. Storage onsite could be required for varying time,periods depending on the
avai ldbi l i ty  of  su i table of fs i te  d isposal ,  processing,  and storage fac i l i t ies.

Shipnent. Shipment refers to placement of radioactive waste on transport vehicles and transfer
to an-6lfier facil i ty. Urashielded shipmerrts contain radioactive materials in containers with
radiation levels that ccmply with transportation regulations without the addition of shielded
overpacks. Shielded shiprirents are those where the contajners are placed within shipping casks
that'provide shielding and additional mechanical integrity during transport.

Disposal. Disposal ref{trs to the emplacement of the radioactive waste containers in facil i t ies
FiTfr6ilE-intending to retrieve them. Discharge, which is a form of disposal, refers to the con-
trolled release of l iqurids or gases to the environs.

As shown in Figure 2.4,, some liquicis may be suitable for discharg,e followi-ng treatment. Addi-
tionally, shipment to another facil i ty yould not necessarily entail. disposal-. . Some.of the wastes
will ha-vi characteristics of routine loy-level waste and may be disposed of by routine shallow
land burial. Some of lhe wastes might contain transuranic contaminants with concentrations in
excess of 10 nCi/g, which would require Lheir shipment to a transuranic waste storage facil i ty.
gther wastes expeiiert ' !o be generated could have specific characteristics which_preclude their
disposal at a cbrmerci;rl low-leve'l disposal facil i ty by routine methods and special measures may
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Section 2.3.1. A sumary of these waste management alternatives, which are described in detail
in subseouent sections of this document. is orEsented below. :in subsequent sections o s document, is presented below.

2.3.3,1  1lternatfVes for Hanaglmen, 6f Solid Mltlrials         ・         !               十

The alternatiャ es constdered f6r Solld haterials aⅢ e oependent on their physical form, specific  i
characteristics, and classification, wherl FellVant,  The ma30r steps ■ ithin the waste management l
cycle that were conSidered as a ftnct月 on of wastl type are shown in Table 2.7.  Only those waste
nBこ色8さgement st,ps appl、 cable to sol村 d matoli31S are― shown.  AccordSngly, discharge to tlle envilons
and conditSonSng are not incluoed.

Table 2.7. Alternatives fon l.lanagement of Solid Materials

t{aste Typesa

tJaste l4anagement Alternatives Trash

Contami-
nated

Equipment
Irradiated
Hardware

Fuel
Assenbl ies

Treatment

Inci neration
Conpaction
Di sassembly/secti oni ng

Packaging

55-gal lon drums
LSA boxes
Steel l iners
Special containers

Package Handling

Hands-on
Remote
Transfer shield

0nsite storage

Inter im X
Long-term

Shipment
Unshielded X
Shi el ded

Di sposal

Connercial low-level X
Transuranic
High-level treatment/storage

Ｘ

Ｘ

Ｘ

Ｘ

Ｘ

Ｘ

Ｘ

aX denotes alternative considered for waste
0 denotes alternative applicable to special

type,
waste only.
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actiYity container,.  Fve]PsSemb]ies are handled under―

Generally, all waSte is transferred to ah bnsite storage facility to await shipment.  Except f6r

trash bo米 es, these storage facilities are shielded enclosures, and facilittes are divided by
container type and surface radiation level:  Fuel assemblies would be stored in the spent fuel

pool, and interim, as well as long― term, storage of these assemblies was considered.  Long― term
storage may a130 be rlqutred for spent f1lter cartridge assemblies that lnight havl to be ha,dled
as transuranic or high。 level waste.     ‐   ‐

The waste types shown will be transported offsite in both unshielded and shielded contaヽ ners.
Lowoactivity drums and と SA boxes can be shipped unshielded, while higher― activity drums and the
other container types shown will be tranSPorted in licensed, shie]ded shipping casks.

The destination of each shipment depends on the characteristics of the materials being trans―

Portede  Some waste will be transported tc a commerci31 10W~leve]waste di5pOsal facility.
Certain high― specific‐ activity wastes might require transport to special waste storage facil―
itiesa   Specital destinations were considered for fuel assemblies, including high-level waste
storage.

A detatled discusslon of the above alternatives and their impacts is presented in subsequent

sectSons of this document.

2.3.3.2  Alternatives for Management of Liquid Wa3te

The alternatives COnsidered for liquSd waste are dependent primarily on the chemical character―
istics, radionucllde content, and speclfic activity of those wastes.  Table 2.8 contains a sum―
mary of the alternatives for llquid waste considered for each steP within the waste management
cycle shown in Figure 2.4.

The treatment alternatives considered for liquids inc]ude filtration, lon exchange, evaporation,
and bitumenization.  All four techniques were considered for accident water.  The use of these

techniques substantial]y reduces the specific activity of the water and ]eads to the generat'on
of secondary wastes in the form of spent filter cartridge assemblies, loaded ion― exchange materi―
31S, and eva,Orator bottoms or sludges and bitumenized solids.  Use of these techniques wili not

reduce the trittum concentration of the treated watert hence, discharge of tritiated water to
surface waterS or through evapolヽ ation, packaging for d:sPosal as low-level radioactive waste, and
deep―well injeCtion were considered for this tritiated water.  The3e treatment technSques were
also considered for the waterbased decontamination sulutions.  ‖ owever, the highly complex nature

Of 30me Of the chemical decontamination solutions eliminaし es the use of ion― exchange techniques
as feasible a]ternatives.

A conditioning step involving immobilization was considered for ]ヽ qu dヽs that were not treated

because with only few exceptions ]ヽ qttids cannot be transPorted or disPosed of at commercia]
low‐level waste disposal facilities,  A detailed discussion of four different immobヽ 1lzation
agents and the techniques used to implement them is presented in Appendix H.  Of the four agents
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descnibed in that appendix, only three were considered for TMI-2 wastes. The use of urea formal-
dehyde was el iminaddd because 6t t t re problems associated with obtaining a l iquid-free product.
The remaining three--cement, vinyl ester styrene, and bitumen--vrere considered for most of the
T1' l I -2 waste forms requir ing immobi l izat ion. In cases of immobi l izat ion of l iquids, disposable
containers (drums or cyl intr ical  steel l iners) were considered for packaging. 'The package-
handl ing techniques considened for these drums and steel l iners are simi lar to those described' in
Sect ion  2 .3 .3 .1 .  'Packaged,  immobi l i zed  l iqu ids  w i l l  be  s to red  ons i te  to  awa i t  sh ipment  w i th
other.packsged waste by container type and radiation level.

.  . a

Table 2.8. Al ternat ives for Management of Liquids

Waste Tvpea

Waste ltlanagement Alternatives
Accident
l{ater

Water-Based
Decon Solut ions

Chemical  Oecon
Sol  ut i  ons

Treatment
Fi l t rat ion
Ion exchange
Evaporation
Bi tumi ni zati on

Di scharge

Condi ti oni ng

, Immobi l ize/cement
Inrmobi l ize/vinyl  ester styrene

Packagi ng

55-gal lon drums
Stee l  l iners

Package Handl ing

Hands-on
Remote
Transfer shield

Onsite storage
Inter im
Long-term

Shipment
Unshi el  ded
Shiel  ded

Di sposal

Deep-wel I  in ject ion
Commercial  low-level

Ｘ

Ｘ

Ｘ

Ｘ

０

Ｏ

Ｘ

Ｘ

Ｏ

Ｘ

Ｘ

Ｘ

Ｘ

Ｘ

Ｘ

Ｘ

aX denotes alternative considered for waste type.
0 denotes al ternat ive for t r i t iated water only.

Shipment  vrould be made e i thep shie lded or  unshie lded,  as d ic tated by conta iner  radja 'L ion level .
I f  t r i t ia ted water  is  immobi l ' ized,  the radiat ion levels of  th is  waste may be compat ib le wi th
unshie lded shiprnent .  Some immobi l ized decontaminat ion solut ions a lso might  be sh ' ipped unshie lded.
The dest inat ion of  a l1 shipments wi ' l l  be a comnerc ia l  low- level  waste d isposal  fac i l i ty .
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Detai led discussion of these al ternat ives and their  impacts is presented in subsequent sect ions
of this document.

2.3.3.3 Alternat ives for l ianagement of Process Sol ids

The al ternat ives considered for process sol ids are dependent pr imari ' ly on their  physical  form,
chemical character ist ics,  radionucl ide content,  and specif ic act iv i ty.  Table 2.9 contains a
su[mary of the alternatives considered for each step within the waste management cycle for each
type of process solid. Only those.steps applicable to llris waste form are shown, and treatment
and discharge were not considered.

The condit ioning al ternat ives considered include dewater ing and use of the three immobi l izat ion
techniques considered for l iquids. To permit  disposal at  a comnercial  low-level waste disposal
faci l i ty,  evaporator bottoms and incinerator ash must be immobi l ized. Al l  three immobi l izat ion
techniques were considered for evaporator bottons and incinerator ash. Ion-exchange materials
and sludges can be shipped to some cormercial  low-level waste disposal faci l i t ies in the dewa-
tered condit ion, whi le other disposal faci l i t ies require these mater ials be in an immobi l ized
form. EPIC0R II ion-exchange materials used to process AFHB liquids are current'ly required to be
sol idi f ied in accordance ui th Commission Order.  The use of bi tumen to immobi l ize accident
sludges was not considered because of the expected high specif ic act iv i ty of the sludges and the
low threshold for radiation damage of hitumen.

The disposable containers considered for packaging include 55-gal lon drums and large cyl indr ical
steel I iners. l {here ion exchange treatment techniques incorporated disposable demineral izer
vessels,  such vessels ranging in size from 10 f ts to 195 f t3 also were considered as disposable
containers. These disposable demineral izer vessels also vJere considered as the vessel within
which inmobi l izat ion of expended ion-exchange mater ials could be performed. Special  containers
also were considered for special  ion-exchange mater ials and accident s ' ludge. These waste mate-
r ials could contain transuranic cc'r taninants with concentrat ions above 10 nCi/9, requir ing their
handl ing as transuranic waste, or they also could have character ist ics which might require spe-
cial  packaging, handl ing, storage, and disposal methods. Drums were the only disposable con-
tainens considered for incineraton ash because of the relat ively low volume of this waste
expected to be generated.

The surface radiat ion levels of al l  these disposable containers wi l l  require their  handl ing by
semiremote and remote techniques to minimize personnel exposune. Some of the handl ing techniques
considered include underwater handl ing of ion-exchange mater ial  containers, as wel ' l  as placement
of individual containers within transfer shields for movement within the faci l i ty.

Al l  these ivaste types wi l l  be transferred to an onsite storage faci l i ty.  Special  faci l i t ies to
store ion-exchange mater ial  containers have been considered, inc' luding surface and subsurface
cel ls and storage under vJater within the spent fuel  poo1. Where ion-exchange mater ials,  evapora-
tor bottoms, or accident sludges warrant special  handl ing, long-term onsite storage also vJas
considered

Al l  containers wi l l  l ikely be shipped in a shielded conf igurat ion. Some of these waste con-
tainers wi l l  be shipped to a commercial  low-level waste disposal faci l i ty.  Those containers with
ion-exchange mater ials,  evaporator bottoms or accident sludges which require special  handl ing
could be stored onsite for per iods of 20 to 30 years or shipped to special  faci l i t ies for ei ther
storage or treatment.

A detai led discussion of the above al ternat ives and their  impacts is presented in subsequent
sect ions of this document.
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3. THE ENVIRONMENT AND POPULATION TiHICH MAY BE AFFECTED

3.1 LOCATION OF THE SITE AND ACCESS FACILITIES

The Tt4I nuclear power stat ion is located on the northern end of Three Mile Is land, one of a group
of is lands on Ydrk Haven Pond of the Susquehanna River.  Harr isburg, the state capitol  of  Penn-
sylvania, is about 12 mi les northwest,  and Ba' l t imore, Maryland, is about 65 mi les south of the
s t a t i o n  ( F i g .  3 . 1 ) .

TMI  i s  in  Londonder ry  Townsh ip  o f  Dauph in  County  (F ig .  3 .2 ) ,  a t  coord ina tes  4009r10"  nor th  la t i -
tude and 76043'25" wLst longitude. Middletown Borough is three miles north of the is land and
Harr isburg Internat ional Ai iport  is a short  distance to the west of Middletown; both are on the
east bank-of the Susquehanna. Goldsboro Borough is about one mile west of the stat ' ion, along the
west r iverbank in York County. The surrounding lands are predominant ly rural ,  support ing dairy,
poultry,  and agricul tural  usls,  as wel l  as foiestry.  The topography undulates sl ight ly '  with
maximum rel ief  of  about 200 f t .L '2

About 200 acres of TMI's 472 acres are occupied by the stat ion, with the facj l i t ies for Unit  2
immediately south of Unit  1 (Fig. 3.3).  The is land is about 11,000 f t  long and 1700 f t  w_i-de and
is al igned north-south, paral lel ing the east r iverbank 900 f t  away. The west bank is 6500 f t
away. In between are Beech Island, Shel ley Is land, and several  smal ler is lands.

Three Mi le  Is land is ' l i nked near  i t s  cen ter  to  the  eas t  r i verbank  by  Red H i l l  Dam (F ig .  3 .3 ) ,  and
York Haven Oam curves southward from the end of the is land to the west bank. The is land also is
connectecl  to the east bank of the majnland dam by two br idges--a permanent br idge at the northern
end which is used pr imari ly for Unit  1,  and a temporary i l r idge at the southern end for Unit  2.
Access to both br i iges is provided by State Highway 441 which paral lels the r jver in th ' is area.
A one-track rai l road spur cnosses the permanent br idge from the rai l  l ine, which also runs close
to the r iver on the eastern bank.

3.2 GEOLOGY

The TMI  s i te  i s  w i th in  the  Get tysburg  Bas in  sec t ion  o f  the  P iedmont  Phys iograph ic  Prov ince ,  wh ich
is bounded to the north and west by the Northern Val ley and Ridge Province and to the south and
east by the At lant ic Coastal  P1ain. '  The Gettysburg Basin js one of a ser ies of long, narrow
bas ins  o f  Tr iass ic  (225 to  190 mi l l ion  years  be fore  present )  depos i ts  wh ich  ex tend in  b roken
patches from Connect icut to North Carol ina. The port ion of the Gettysburg Basin in Pennsylvan' ia
is referred to as the Tr iassic Lowland. North and west of the Tr iassic Lowland are the folded
and thrust- faul ted Paleozoic rocks of the Appalachian Mountains. The Pjedmont southeast of the
Triassic Lowland consists of igneous and metamorphic rocks of the Precambrian to Early Paleozoic
Age (more  than 600 to  400 mj l l ion  years  B .P. ) .3

The topography of the area immediately surrounding the si te is sl ight ly undulat ing, wjth a maxi-
mum rei ief  of-about 200 f t  and highest e ' levat ion seldom above 500 f t .  From the east,  drainage is
pr imari ly by Swatara Creek, which has i ts mouth near Mjddletown and f lows southwest,  and by the
more r{ester ly f lowing Conewago Creek, which empties into the Susquehanna River at the southern
end of the is land. Fishing Creek f lows into the Susquehanna vrest 9_f t fe si te,  and the north-
wester ly f lowing Conewago Creek t 'erminates at York Haven. Three Mile Is land las very l i t t le
re l ie f ,  w i th  e leva t ions-above sea leve l  rang ing  f rom about  280 f t  (+280 f t  MSL)  a t  the  water 's
edge t6 sl ight ly more than +300 f t  MSL in bhe north-central  port ion of the is land"

The is land is  composed o f  s t ra t i f ied  sand and grave l  con ta in ing  vary !ng  amounts  o f  s i ' l t ,  c lay ,
and clean sand. Density values range from loose to very dense. Boulders are present at depth
and are mainly conf ined to the lower port i 'ons of the soi l  zone on the northern end of the js land.

Soi l  thicknesles vary from about 5 f t  at  the southern end of the is land to a maximum of 30 f t

3-1
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Figure 3.1.  Map of the Area within 100 M1les of the TMI Stte.
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Fttgure 3.2.  Map of the Area wttthin 20 Mlles of the TMI Site.
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Figure 3.3.  Aerial Photo of TMI Site.
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near the center.of the is land. Oepth of soi l  is relat ively constant at about 20 t t  in the vic in-
i ty-of the plant:s ' i te.  From one-hblf  to one foot of  topsoi l ,  conposed of sandy si l t  wi th organic
material,,covers the island. Eeneath the soil overburdln the sitb is underlai-n Oy tne Gettyiburg
shale. Bedrock sunface beneath the si te is essent ial ly f lat ,  with an approximate average eievat ion
of +277 ft l,lSL. The rock consista oi red to brown, inierbedded, fine- lb medium-grainei sandstone,
shaly si l tstone, ai td shaly claystone. Eedrock ranges from medium-hard to hard, with seismic
compressional wave velocities ranging from 8,500 to 11,500 ftls. 1-he upper 1 to 3 ft of bedrock
is weathered. Based on mapping oi sirface outcrops in the site area, bbdrock strata strike frcm
65oil tc 80"E and dip 30" to 70o l{t{. However, fairly consistent noraherly dips of 37.50 to 45"
were observed in con-e borings at the site.a

Joint ing in bedrock is near vert ical  and str ikes N10oE. l . tany of the joints are healed, and
others which are not have been altered by oxidation. The jointing beco.-mes tighter with iepth.a
Dri l l ing Hatei l  loss was noted in two of the core borings (DH-l  anA OH-+;,  suggest ing the pbssi-
bi l i ty of  open fractures, al though there are other causes of water loss. The water level of  the
Susquehanna River controis the g:"oundwa^uer level on Ttrll and most groundwater moves to the river
under the influence of the hydraulic gradient. Contamination of groundwater in the Gettysburg
Fonnat ion would be highly unl ikely since i t  is conf ined and under artesian pressure. 

-The -

Get'tysburg Fonmation is a major source of base flow to the Susquehanna River. Any contamination
of this aquifer would f low to the Susquehanna River and would not affect groundwater users.s

A healed normal faul t  was encountered in one boring at a depth of about 95 f t .  This minor faul t
exhibi ted three inches of normal displacement and a dip of COo in a northerly direct ion, the same
direct ion as the bedding. I ts age has been interpreted as being La'ue Tr iassic (190 mil l ion years
B.P.).4 The staff  concluded during the 0perat ing License (01) review that under Appendix A,
10 gFR Part  100, this faul t  ' is not capable. Fractrrres are present in. the rgck paral lel  to the
fault .  These fractures have been completely healed with calci te.

All Category I structures and tanks are founded in bedrock, except the Category I storage tanks,
which are founded in compacted backf i l l .  Resulrs of subsurface invest igat ions show that the
foundat ion condit ions in sound bedrock underly ing the si te were adequate for the proposed faci l i ty.
There were no extraordinary geologic engineering problems associated with construct ion of TMI-2.6

The maximum seismic intensity that the si te has experienced in histor ic t imes is intensity V on
the l.lodified !.lercalli (Mlil) scale based on the lrlarch 8, 1899, earthquake at York, Pennsylvania-
There are no capable faul t ,s or other geo' logic structures that could be expected to local ize
earthquakes in the immediate vic ini ty of the si te.  The maximum credible earthquake for this si te
is the' largest ear_thquake that has occut ' red in the Piedmont Province, intensity VII  (MM). Using
the Tri funac-Bradyz empir ical  correlat ion between horizontal  ground accelerat ion and intensity,
intensity VII  ( t ' l l , l )  comesponds to an acce' lerat i i in of 0.12 g. This value should be used as the
high-frequency anchor point for the design reet.onse spect la.  Thus, the Safe Shutdown Earthquake
(SSE) was selected to have a horizontal  grourr. t  accelerat ion of 0.12 g. The Operat ing Basis
Earthquake was selected to be one-half  of  the ! .3E. or 0.06 g. The staff 's seismology consultant,
the USGS, concluded that the ground accelera[ ions considered for the si te are adequate based on
the seismic history of the si te and the r .urr i lunding area.8

3.3 I'IETEOROLOGY

Meteoro log ica l  cond i t ions  present ly  ex is t . ing  in  the  v ic in i ty  o f  TMI -2  do  no t  d i f fe r  s ign i f i can t ly
from those described in the Final Environmental  i leport  and the Safety Evaluat ion Reports relat ive
to operat ion of these units. l 'e Po:"+- ions of the pre.."?ously publ ished descript ions are neprinted
below.

3. 3.  I  Reqional Cl imalql  ogy

The cl imate of southeastern PennsylvaniE is pr imari ly cont inental  in character.  Al though the
proximity of Chesapeake and Delaware Bays, and to a lesser extent the At lant ic 0cean, tends to
exert  a moderat ing inf luence on air  tempr:ratures over much of the region, thes,e effects are weak
as far in land as Harr isburg. Cont inental  polar air  or iginat ing in Canada is the predominant type
of air  mass over the reg' ion jn winter.  f lowever,  these air  masses'are usua' l1y modif ied and warmed
sornewhat as the air  deicends the eastern slopes of the Appalachians before 

-reaching 
the south-

eastern sect ion of Pennsylvania. l , lar i t ime tropical  air  masses or iginat ing over the Gulf  of
i lexico or the Carr ibbean Sea predominate over this region in summer. Winters are relat ively mi ld
for the lat i tude; summers are warm and humid. ro
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Terperatures of 90oF or: highen nay be reached on 20 to 25 days annually over the region. T9q:
peratures of OoF or louer mhy be expected on only one or two days annually; temperatures of 32oF
br lorer nay be expected on ibout 108 days per yaar. Precipitation is generally well distributed
throughout:the yedr, but'the greatest mbnthly anounts occur in the surmer in association with
thundershouers. 0n an annual iasis, relative-humidity averages around 70 percent.ro

3.3.2 l-ocal lbteoroloqy

Long-tern ueather records from Harrisburg, Pennsylvania, record the extreme maximum and minimum
temperatures as l07oF in July 1966 and -14oF in January 1912. llaximum 24-hour precipitation
totaled 12.55 inches in June 1972 and maximum 24-hour snoufall totaled 21,0 inches in January
1945.ro The nonnal annual snoyfall for the Hamisburg area is 37 inches, while freezing precipi-
tation occurs on an average of two to three days per year. Heavy fog (visibility one-quarter of
a rnile or less) occurs an average of 21 days annually.lo

0nsite uind data at the 100-ft level (10 m above nearby obstructions) indicate that the pre-
doninant wind flow is fron the northwest with a frequency of 12.7 percent (Fig. 3.4).

t{onitoring of yind speed and direction onsite, as Hell as atnospheric stability, has been con-
ducted since 1967 and is continuing. The data will allow real-time evaluation of atmospheric
relative concentrations (X/Q) for locations surrounding the site. The highest offsite 1/Q's
should lle within a range from 2.3 x 10-6 sec/m3 (the annual average continuous release x/Q) to
8.3 x 10-{ sec/ms (the 0- to 2-hour x/Q that would be_ exceeded 5 percent or less of the time at
the exclusion area boundary). :'1 -:

It is possible to place meteorological controls on the cleanup operations in order to optimize
atfiospheric diffusion of any gaseous effluents released. Diffusion optimization can be accom-
plished by limiting releases to periods having moderate to strong winds, 10 mph or greater, and a
Pasqui l l -Gif ford stabi l i ty c lassi f icat ion of D through A. Although such stabi l i ty condit ions are
preferable, Hhenever winds are 10 mph or greater, the relative concentration offsite eould be
substantially less than the 0- to 2-hour value given above. Another factor that would.aid in
optinizing (reducing) possible xy'Q at places where public exposure is likely would be to release
the gases when winds are blowing toward-. the southern end of the island, where no actual nearby
:-cceptors are located.

Evaporational methods for the disposal of water from the site were also reviewed by staff meteor-
ologists. Forc'.ld evaporation, through addition of heat to holding ponds, may result in fog over
the pcnds and the river channels adjacent to the island, depending on air temperature, humidity,
and wind speed. l{atural evaporation of water fron the onsite ponds would have a lesser environ-
mental impact than forced evaporation. However, the rate of natural evaporation would be con-
trolled by air motion over the pond and by increasing the water temperature by solar radiation to
increase the evaporation rate. In this area of Pennsylvania, the average annual evaporation is
within the range of 33 inches (lake evaporation) to 45 inches (evaporation-pan measure),r1 depen-
ding on the volume of the body of water. Seventy percent of the evap( 'ation occurs from l,lay
through 0ctober. Because annual total precipitation in this area is expected to exceed
40 inches, significant net yater loss to the atmosphere is not expected from closed ponds.

3.4 HYOROLOGY AND T{ATER USE

3.+.1 Surface tlater Hydrology

The major stream affected by liquid discharges from Tt{I is the Susquehanna River, which has a
total dralnage area of 27,400 square niles where it enters the Chesapeake Bay, and of about
25,000 sqfJare miles near the TllI site. The TtlI plant is about 11 river miles downstream from the
Harrisburg gaging station of the USGS. This station has had a continuous period of record since
1890. Data for the Harrisburg gage are assumed to be applicab'le at the plant site arrd show the
riverr s highly variable characteristics' l:2

Characteri stic

l l ininrum daily f low (9-18-64)
Average annual disrcharge
ilean annual f lood
Haximum flood of rrecord (L972)

Value ,  c fs

1 ,700
34,500

250,000
1,020,000
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No large dams or reservoirs exist imnrediately upstream from the site. The Corps of Engineers has
constructed a new dam for f lood control on the Raystown Branch of the Juniata River, which enters
the Susquehanna about 25 niles upstream of TMI. The project also is used for low-flow augmenta-
tion and recreation. For low-flow control, the project increases dependable flow at the Raystown
dam si te to 480 cfs .  This  benef i t  wi l l  a lso be fe l t  a t  TMI.  Whenever possib le,  a f low of
480 cfs is released frorn the reservoir, provided that a significant drop in the upstream reser-
voin level  does not  occur .  However,  the Corps p lans to re lease at  least  200 cfs  at  a l l  t imes to
maintain adequate flow downstream.

At  T l , l l  the Susquehanna is  about  1.5 mi les wide.  At  the southern end of  TFI I ,  York Haven Pond on
the Susquehanna is  impounded by York Haven Dam and Red Hi l l  Dam.1 '13 The r iver  channel  is
bra ided and f lows around several  is lands,  forming several  channels (F ig.3.5) .  The western
channel  is  shal low and conducts about  two-th inds of  the normal  f low; la the eastern channel ,
approximately  5.5 f t  deep,  conducts a minor  por t ion of  the f low, .which over tops Red Hi l l  Dam part
of  the year .  l ' r  The centra l  channel  is  about  10 f t  deep under normal  f low condi t ions and jo ins
the western channel  to  spi l ' l  over  the centra l  por t ion of  York Haven Dam. Some f low is  d iver ted
along the dam to t l ie  York Haven Generat ing Stat ion,  a hydroelectr ic  fac i l i ty .

Dcwnstream from York Haven Dam, the Susquehanna is impounded by three dams at Safe Harbor,
Hol twood, 'and Conowingo before enter ing Chesapeake Bay (F ig.  3.6) .  Just  downstream f rom the
Hol twood Oam is  Muddy Run,  a pumped storage fac i l i ty  capable of  a l ter ing r iver  d ischarge by
removing water for storage or releasing stored water to rejoin the rjver discharge. The Muddy
Run removal  rate is  24,500 cfs  and the re lease rate is  32,000 cfs .1s '16

At the head of Chesapeake Bay, water from the Susquehanna River mixes with the discharge of other
t r ibutanies in  a wide,  shal low area.  Fron the head to the mouth,  Chesapeake Bay is  about
195 mi les long and 3 to 35 mi les wide,  wi th a mean depth of  about  30 f t ,  a l though a deep channel
(120 f t )  is  present .  The complex water  c i rcu lat ion and sal in i ty  pat terns are in f luenced by the
t ides,  t r ibutary r iver  d ischarges,  and weather . lT

Low f low studies of  the Susquehanna River  have been conducted us ing data f rom the Harr isburg
(upstream of  Tt l I )  and Mar iet ta (downstream) gaging stat ions.  Table 3.1 conta ins f low-durat ion
data for  the Susquehanna River  at  Harr isburg,  based upon dai ly  f lows.  These data indicate the
frequency of  f lows for  g iven durat ions.  For  example,  a f low of  5000 cfs or  less,  last ing
183 days, could be expected about once in 20 years.

The min imum f low of  1500 cfs occurred on November 29,  1930,  as the resul t  o f  an ice b lockage of
the r iver .  However,  the min imum dai ly  d ischarge s ince the construct ion of  a dam downstream f rom
the Harr isburg water  f i l t ra t ion p lant  was 1700 cfs on September 18,  1954.  The percentage of  the
t ime that  the f low is  equal  to  or  less than speci f ied d ischarge is  summarized in 

-  t r le  3.2.

The mean monthly  f lows for  the per iod 1891-1979 are shown in Table 3.3.  These values "Jst rate
the monthly  var iat ion in  average f lows.

The amount  of  r iver  d i lu t ion received by l iqu id waste f rom the TMI p lant  depends pr imar i ly  upon
the r iver  f low at  the t ime of  d ischarge.  The maximum capaci ty  of  the turb ines at  York Haven Dam
is about  16,000 cfs .  Dur ing per iods of  low f low when the r iver  d ischarge ' is  less than
15 ,000  c f s ,  essen t i a l l y  a l l  o f  t he  r i ve r  f l ow  w i l i  pass  t h rough  the  gene ra t i ng  un i t s .  The re fo re ,
any d ischarged wastewater  downstream of  the dam wi l l  be fu l ly  mixed wi th the r iver  af ter  i t
passes through the turb ines.  For  h igher  r iver  f ' lows,  some f low wi l l  a lso pass over  the dam.
This case is  much less cr i f , ica ' l  for  the purposes of  comput ing 'concentrat ions of  contaminants.
However,  mix ing wi l l  occur  downstream a ' ided by the turbulent  f low over  the dam. The f low of  the
Susquehanna is  sp l i t  in to several  segments at  the head of  TMI and Shel ' ley Is land.  The amount  of
water  f lowing past  the d ischarge point  ( in  the middle channel  between TMI and Shel ley Is land)  is
about  25 percent  of  the tota l  r iver  f low.  Below York Haven Dam, addi t ional  mix ing occurs and the
fu l l  f low of  the r iver  may be used in deterrmin ing d i lu t ion factors.

For  s teady f low in the r iver ,  d i lu t ion of  a contaminant  re leased f rom the p lant  is  approximately
inversely  proport ional  to  the f low rates.  For  the purposes of  est imat ing an average concentna-
t i on  i n , t he  Susquehanna  R ive r  f o r  a  g i ven  re lease ,  a  I ' p1ug  f l ow"  mode l  w i t h  no  l ong i t ud ina l
mix ing is  used.  The correct  f lowrate for  th is  model  is  not  the "ar i thmet ic  mean f low,"  Q,  but
the " iec iprocal  mean" f low,  ( tQ)-r .  The ar i thmet ic  mean f low is  heavi ly  weighted Oy f iooO
events,  whi le  the rec iprocal  mean f low is  weighted in  favor  of  low f1ows,  for  which concentra-
t ions would be h igher .  The rec iprocal  mr:an f low has been calculated for  f low measurements at
Harr isburg to be about  12,000 cfs .  The rec iprocal  mean ' is  conservat ive because deviat ions f rom

―
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Figure 3.5. York l {aven Pond of the Susquehanna. River '-  
Showing the F' low Patterns in the Channels
and orrer the Dam at Three Mi ' le Is land.
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Table 3.1.  MagnStude and Frequency of Low Flow, 1892-1972a

Period of
Consecuti ve

Days

0ischarge (ftgls) for Indicated
Recurrence Interval in Years

502010

華

撃

７

４

０

０

０

３

１

３

６

２

８

１

　

１

一〓
！　

　

・

3,900

4,200

4,900

6,300

9,000

13,000

29800

3,000

3,400

4,000

5,400

8,100

2,400

2,600

2,900

3,300

4,400

6,300

2,200

2,300

2,600

2,800

3,600

5,000

2,100    1,900

2,100    2,000

2,400    2,200

2,600    2,400

3,200    2,900

4,400    3,800

aFrom L.V.  Page and L.C.  Shaw, "Low Flow Character is t ics of
Pennsylvania Streams," Commonwea'lth of Pennsylvania, Department
of Environmental Resources, 1977.

Table 3.2. Percentage of the Time
that the Susquehanna River
Flow at Harr isburg Equals

or Is Less than -
Specif ied Valueso

F low ,  c f s
Percent
of Time

2,000

3,200

4,000

5,200

7,600

11,000

15,000

19,000

35,000

50,000

79,000

110,000

Negl月gible

2

5

10

20

30

4U

50

70

80

90

95

aFrom L.V. Page and L.C. Shaw,
"Low Flow Chanacter ist ics of Penn-
sylvania Streams," Commonwealth
of Pennsylvania, Department of
Environmental Resources, 1977.
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Table 3.3.: l*lean l,lonthly Flows
of the Susquehanna River

at Hamisburg for the ,
Period f891-1979

MOnth

l.lean Fl ow
(c f s  )

January

February

lilarch

Apri  I

14ay

June

Ju ly

August

September

0ctober

November

December

37 ,700
40,100

77,70r:)

82 ,600

45,700

25,300

15,200

11,700

11,700

17 ,300
25 ,900
3 3 , 3 0 0

t he  s imp le  p lug  f l ow  mode l t  such  as  rese rvo i r  s to rage  and  l ong i t ud ina l  m ix ing ,  t end  to ' desens ' i -
t ize the average concentrat ion to very low f lows,  which essent ia l ' ly  increases the ef fect ive mean
f low.

3.4.2 Surface Water  Uses

The sur face water  of  the Susquehanna River  downstream f rom Harr isburg ' is  acceptable for  a l l
general  uses,  e.9. ,  support ing aquat ic  l i fe ,  recreat ion,  and pr imary contact .  I t  is  not  an
at t ract ive source of  publ ic  water  supply because of  occasional  h igh sul fate levels  and h igh
amounts of  wastewater-der ived col i form bacter ia. ls  Below Harr isburg,  la te summer a lgal  b looms
occu r  t ha t  a re  i nd i ca t i ve  o f  h i gh  nu t r i en t  l eve l s ,  p r imar i ' l y  phospha tes  and  n i t r a tes . l e  Th i s  i s
attributable both to wastewater treatment and runoff from agricultural areas.

The n iver  and the st reams in the v ic in i ty  of  TMI present ly  are used for  water  suppl ies,  both
pub l i c  and  i ndus t r i a l ;  power  gene ra t i on ;  boa t i ng ;  spo r t  f i sh ing ;  and  rec rea t i on .  Spo r t  f i sh ing
is  done in a l l  s t reams in the general  area of  the s i te ;  however,  there is  no commercia l  f ish ing.
Brunner Is land steam-electr ic  generat ing stat ion,  f ive mi les downstream, is  the nearest  user  of
some of  the r iver  as potable water .  The locat ions of  downstream sur face water  users are indi -
ca ted  i n  F igu re  3 .5 .

The avai lable in format ion on water  suppl ies downstream f rom TMI is  summarized below; the con-
sumers  i nc lude  pub l i c  wa te r  supp l i es ,  i ndus t r i es ,  and  u t i l i t i es :

-  The Pennsylvania Supply Company takes 2200 gpm per n jne-hour work day f rom the mouth of
Conewago Creek (near  the southern t ip  of  TMI)  for  sand and gravel  processing.  The water  is
re leased into the Susquehanna River  af ter  c lar i f icat ion.

-  York Haven Power Company (a whol ly  owned subsid iary of  Met-Ed) owns a hydroelectr ic  gener-
a. t ing stat ion at  York Haven wi th a tota l  insta l led capaci ty  of  20,000 kWe. The stat ion is
about  two mi les downstream of  the TMI d ischarge st ructure.  A dam across the Susquehanna
River  impounds 8000 acre- f t  o f  water  for  power generat ion,  a i r  cond' i t ion ing,  cool ing,  and
f i re protect ion.  Potable water  is  obta ined f rom two wel ls .
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- PP&L owns and opepates Brunner Island, a 1415-i'lt{e-capacity steam-electric generating station
on the west shore of the Susquehanna River five miles downstream from TMI. The station
ut i l izes ! .155 cfs of r iver water for the circulat ing water system and ash removal;  the water
is returned to the river without reconcentration. River water, for potable and cycle makeup
demineral izer requirements is treated pr ior to use. ' . . .  , : , :

-  The t{r ightsvi l le l {ater Supply Company has a publ ic water supply intake on t ,he Susquehanna
River 16.2 mi les downstrcam from the nuclear stat ion. The intake is ut i l ized as a summer
reserve,supply,  with treatment faci l i t ies provided in the system.

- The borough of Columbia takes an average supply of two mil l ion gal lons per day from the
Susquehani'ra River by an intake located 16.7 miles downstream from TMI. The water is treated
prior to distr ibut ion.

-  The ci ty of Lancaster withdraws an average of 8 mi l l ion gal lons per day from the Susquehanna
by.an intake located about : .7 mi les downstream from TMI. The water is t reated pr ior to
distr ibut ion. Addit ional vJater is taken from the Conestoga River.

- The Safe Harbor Water Power Corporation ourns and operates a hydroelectric generating station
on the Susquehanna River about 27.2 niles downstream from TMI. The dam across the river
impounds 92,000 acre-f t  fcr power generat ion. Uater for a publ ic water suFply system for
the vi l lage of Safe Harbor is withdrawn from the reservoir  at  a rate of 25,000 gal lons per
day and receives complete treatment pr ior to distr ibut ion.

-  A publ ic water supply system serves the vi l lage of Holtwood on the eastern side of the
Susquehanna River 34.7 mi les downstream from TMI at the Holtwood Hydroelectr ic Stat ion.
About 22,000 gal lons per day is withdrawn from the 19,300 acre-f t  Holtwood Reservoir  and
treated pr ior to distr ibut ion.

- The Muddy Run pumped storage generating station is 38 miles downstream from the TMI nuclear
stat ion. I t  is a remotely control led 80O-MWe-capacity stat ion, operat ing between an upper
reservoir  and Conowingo Reservoir .  River water is used for f i re protect ion. Potable water
is  supp l ied  by  deep we l ls .

-  Peach Bottom Nuclear Generat ing Stat ion is on the west bank of the Susquehanna River about
41 miles downstream from TMI. Unit 1, rated at 40 Ml.le, was part of the Atomic Energy
Commission's Power Reactor Demonstrat ion Program and has been decommissioned. Two addi-
tional nuclear units, each rated at 1000 Mlrle, are now operating and withdraw a total of
3450 cfs from the r iver for cool ing purposes.

- The ci ty of Balt imore has an intake on the r iver which draws water from Conowingo Reservoir
about 49 mi les downstream from TMI. Balt imore is perm' i t ted to withdraw up to 250 mil l ion
ga l lons  per  day  when the  r i ver  f low exceeds 5000 c fs ,  bu t  i s  l im i ted  to  55  mi l l ion  ga l lons
per day at lower r iver f low. Two water-treatment plants provide treatment pr ior to dis-
tr ibut ion. The last s igni f icant withdrawals occurred in 1968; future use of potable water
from the Susquehanna is expected to be l imited to periods of severe drought condit ions which
necessitate the use of al ternat ive suppl ies such as the Susquehanna.

- Phi ladelphia Electr ic Company owns and operates a hydroelectr ic generat ing stat ion at
Conowingo Dam, which impounds 321,500 acre-f t  in Conowingo Reservoir .  The generat ing stat ion
has a capacity of 513,000 kt le;  i t  is located 50 miles downstream from TMI. Potable water
for the stat ion and for Conowingo Vi l lage is obtained from the reservoir .  Treatment is
provided to an average supply of 12,000 gal lons per day.

-  Arundel Sand and Gravel Co. has been issued a permit  to withdraw 900,000 gal lons per day for
industr ial  use from intakes located about four mi les upstream from Havre de Grace in the
vicini ty of Susquehanna Park.

-  The ci ty of Havre de Grace is permit ted to withdraw about 12.5 mj l ' l ion gal lons per day from
in takes  loca ted  on  the  west  s ide  o f  Lhe r i ver  near  i t s  mouth .  About  1 .8  mi l l ion  ga l lons  per
day are current ly used for potable suppl ies and are treated pr jor to distr ibut ion. Future
plans are to expand water suppljes trt other areas of Harford County.

-  Bainbridge i{aval Training Stat ion and the town of Port  Deposit  have been withdrawing about
225,000 gal lons per day for potable suppl ies from intakes locateci  on the east s ide of the
r iver at Port  Deposit .  The water rer:eives treatment pr ion to distnibut ion.
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- Perny Point Veterans Hospital and the town of Perryvil ' le withdray, about 400,000 gallons per
day fron intakes located on the east side of the river. The water is treated before use.

3.4.3 Surface Hater Qual i ty
I  

. . i

3.4 .3 .1  Chemica l  and Bacter io log ica l

llater quality data have been given in monito-ring records provided by the licensee over the period
1967-1976 for CP and 0L licensing actions,le and in USGS Hater Resource Data for water year 1977
(0ctober 1976 through September 1972;.ta b{ater quality data for the Susquehanna Riven-near Tlil l
and at three other locations are presented in Table 3.4. The important characteristics are a
moderately high tota! hardness, averaging about 130 mglL as CaC03 (typically due to about 35 mgll
of  calcium and 10 mgl l  of  magnesium), and a high and variable sul fate concentrat ion, averaging
about 80 mg/1, but occasional ly exr.eiding 200 mg/1. The sulfate l imit  set by the revised stat l
water qual i ty cr i ter ia is 250 mg/L.zo The sulfate contaminat ion is targely attr ibutable to acid
drainage from old coal mines within the watershed, which also contr ibute a high and variable
total  i ron concentrat ion, ranging from 0.4 to 5 ng/L, of ten in excess of the state l imit  of
1.5 mg/1.

The high sul fate concentrat ion results in a relat ively low alkal ini ty,  averaging about 60 mg/L o' f
CaC0.e. As a result, about half of the hardness is noncarbonate or permanent (not deposited as
scale on heat ing),  but the high total  hardness would severely impair  the detergent act ion of
convent ional soaps.

0xygen concentrations, urater temperature, and sediment loads of the river have beer, altered lry
the construction of impoundments.- The impounded pools allow suspended sediment to settle out ind
increase the surface area exposed to soiar radiat ion. Increased retent ion t ime within the impounJ-
ments allohs increased solar exposure and subsequent heat gain. Temperatures recorded at
Harr isburg during water year 1977 ranged from 37.4oF to 85. loF. Discharge over spi l lways and
through hydroelectr ic faci l i t ies increases turbulence, providing greater oxygenat ion of the
Haten.

The fecal col i form count,  at tr ibuted to domest ic and agricul tural  waste, of ten is in excess of
the state l imit  of  2000 colonies per 100 mL (mean of f ive consecut ive days).1e

blater quality throughout the Chesapeake Bay is generally adequate for supporting aquatic life and
recreat ion. In some areas, poor tr ibutary water qual i ty causes local degradat ion and l imited
use. Chesapeake Bay is an estuary, a dynamic physicochem'ical system in which freshwater fron
tr ibutary r ivers mixes with seawater.  The waten qual i ty at any locat ion in the Bay is a funct ion
of the relat ive contr ibut ions from and mixing of the di f ferent water masses (Tab' le 3.4).  Gener-
al1y, sal ini ty depends on the amount of f reshwater discharged, precipi tat ion, and evaporat ion.
In Chesapeake Bay sal ini ty is lower in spr ing and summer and higher in autumn and winter.zl
Tributary discharge and tides affect the intrusion of seawater toward the head of the Bay.
Because of the t ides and r iver discharges, the Bay is constant ly receiving nutr ients and salts,
the concentrations of which vany over time and area.

3 .4 .  3 .2  Rad ioac t iv i t y

The USGS recordsls include measurements of radioact iv i ty,  both dissolved and suspendeci,  at
Harrisburg. The tritium concentration was measured during the 1977 water year and found to be
fair ly constant,  178 pCi/L. Gross beta act iv i ty was measured on November 8, 1975, and reported
as fol lovs:

Dissolved gross beta: 2.4 pCi/L as Cs-137

1.9 pCi/L as Sr-90/Y-90

Suspended gross beta: 0.4 pCi/L as Cs-137

<0.4 pCi/L as Sr-90/Y-90

The method of report ing suggests that these are direct beta count ing results using cesium and
stront ium standards, and not specif ic radiochemical measurements of these radionucl ides.



Table' '3.4. l {ater Qual i ty of the Susquehanna River at Several  Locat ionsa

Susquehanna River

Parameter Near Tl,llb
H。
;:祥80,

General Characteri s ,ticg
pH (un i ts )
BOD
0o
TDS
Alkal ini ty (as CaC0g)
Hardness (as CaCOs)
Specific conductance, pmhos
Col i forms (cols/100 mL)

.
Cat ions

Sodi um
Potass i um
l,lagnesi um
Cal ci  um
I non

Ani ons

Chl or i  de
Sul fate
Phosphate

€
Rad io log ica l '

Dissolved gross o os Unat,
ug/L

Suspended gross α

Pg/L   !

Dlssolvod gross p

pCi/L

Suspended gross β

PCi/L

Dissolved uranium,

6 . 5  -  8 . 2 e
1 . 0  -  5 . 4
5 . 1  -  1 5 . 2
78 - 397
23 - L72
46 - 242
7 7 - 3 5 6  a
15 - 21,000-

2.3 -  52.9e
t . 3  -  2 . 4
3 . 5  -  1 1
L 2 - 3 7

0 . 0 1  -  0 . 1 7

5.7 -  zoe ^
L4 - 204'

6 ‐ 8
0 ' 4 . 4

8 ‐ 17

2 . 1 ‐3 . 3

7:2 - 18

21 ‐ 49

0 . 2 - 0 , 6

‐ 10 ‐ 22
70 - 205

0.06 - 1.1

3 . 8 - 9 : 2
167

2.6 - 10。 8

1 . 3 ‐6 。1

2.4 ‐ 22

13.5 ‐ 44

0 . 0 ‐ 0 . 2

4.1 - 20
30 ' 130

0.0 - 0,87

3200 - 4700
1lS - 150

375 - 550
130 。 190

0,27 ‐ 1.9

４

４

９

８

７

９

7.9 7 . 3 : ―
1 . 7 ,
5 . 4 1 r

5800
770

0.02

7800
1150
0。14

ds unat '

as  Cs-137,

as Cs-137,

vs/L

く1. 6

0.7

2.4

0.4

0.06

aThe two values presented are the maximum and minimum in mg/L unless othenwise stated.
bFrom " l{ater Resources Data for Pennsylvania, }Jater Year 1977," VoI.  2, 'Susquehanna atd
Potomac River BasinS," U.S. Geological  Survey, Water Data Report  PA'V7-2, Harr isburg, Pa.,
1978.

cFrom "Final Environmental Statement Related to 0peration of the Fulton Generating Station,
Units 1 and 2,r '  U.S. Nuclear Regulatory Commission, NUREG-75/033, 1975.

dFrom "Fina] Environmental  Statement Related to Operat ion of the Calvert  Cl i f fs Nuclear Power
Plant,  Units 1 and 2, ' r  U.S. Atomic Energy Commission, Docket Nos. 50-317 and 50-318, 1973.

eFrom "Final Supplement to the Final Environmental Statement Related to 0peration of the Three
Mile Is ' iand Nutlear Stat ion, Unit  2,"  U.S. Nuclear Regulatory Commission, NUREG-0112, Docket
No. 50-320, December 1976.

fNovember 8, 1975, from Footnote b above.
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Radium-226 was measured on the same date by the radon method as 0.08 pCi (alpha) per liter.
Gross alpha activity on the same date is reported as:

G r o s s d i s s o l v e d a I p h a : < 1 . 5 p g / L a s n a t u r a ] u ( < 1 . 0 8 p C i / L ) � � �

Gross suspended alpha: 0.7 1tglL asrnatural  U (0.5 pCi/L)

The conversions to pCi(o)/L assume the specif ic alpha act iv i ty of chemical ly pure natural  uranium
(U-234, U-235, and U-238 in their  natural  abundances) to be 0.6735 pCi/pg (approximately 1.5
alpha disintegrat ions per minute per microgram). A measurement of uranium concentrat ion, presum-
ably by the chemical ( f luor imetr ic) method, also made on November 8, 1975, gave a value-.of
0.06 UglL. This is presumably included in the disso' lved gross alpha, but j t  vrould contr ibute
only about 0.04 pCi/L, assuming natural  composit ion.

The fol lowing l imits for radioact iv i ty in the Susquehanna River are proposed by the revised State
of Pennsylvania cr i ter ia:  le

Total alpha: Not to exceed 3 pCi/L over natural background

Total beta: Not to.exceed 1000 pCi/L over natural background

Tri  t i  um: N6t Splcifted, but may be included in total beta

I t  is  d i f f icu l t  to  def ine a st r ic t ly  natura l  background for  f iss ion products and t r j t ium, because
of  smal l  but  s igni f icant  contr ibut ions f rom nuclear  weapons test ing,  which depend on lat j tude.
The contr ibut ion f rom the commercia l  nuclear  fuel  cyc le is  negl ig ib le.  The radioact iv i ty
observed in the Susquehanna River  at  Harr isburg dur ing L977 is  below the level  regarded as normal
fo r  t h i s  I a t i t ude  zone . *

3.4.4 Groundwater Hydrologv

The s i te  has a water  table e levat ion of  about  280 f t ,  MSL,  depending upon the Susquehanna River
stage,  which is  normal ly  at  277 f t  l4SL.  Si te bar ings and observat ion wel ls  ind icate that  water
table e levat ions vary a-bout  5 f t  f rom a h igh at  the is land's  center  ts  the shores.  The water
table gradient  is  about  0.005 toward the r iver .  The nearest  potable water  suppl jes are three
hrel ls  located on the east  bank of  the Susquehanna River  d i rect ' ly  across f rom TMI.  Al l  o f  these
wel ls  have groundwater  e levat ions above the r iver  and above the groundwater  level  at  TMI.  Since
they are upgradient ,  these wel ls  are not  af fected by s i te  act iv i t ies.

As stated in  Sect ion 3.2 the s i te  is  under la in by sandy s i l ts ,  sands,  gravels,  weathered bedrock,
and hard s i l ts tone (Get tysburg Format ion) .  The Get tysburg Format ion has basjc  ar tes ian charac-
ter is t ics in  the s i te  area.  Groundwater  f low is  h ighly  anisotrop ' ic  a long the st r ike d i rect ' ion.
wi th speci f ic  capaci t ies ranging f rom 0.33 to 15.0 gpm per foot  of  drau 'down.  The leakage of
groundr{ater from the Gettysburg Formation would be expected to be upward but would vary consider-
ably wi th. the degree of  jo int ing and re1at ionship to s t r ike d i rect ion.  Therefore,  e_f f luents
re lLased atc identa l ly  f rom the p iant  should not  migrate in to the Get tysburg Format ion.s

Measures have been taken by the l icensee to moni tor  the qua' l i ty  of  groundwater  at  TMI.  At  the
request  of  the NRC staf f ,  the l icensee insta l led a ser ies of  e ight  monj tor ing wel ls  and,  subse-
quent ly ,  n ine observat ion wel ls  at  the TMI s i te .  These wel ls  were s i ted so a 's  to detect  leakage
of  conlaminated water  f rom the Uni t  2  reactor  and auxi l iary bui ld ' ings and outs jde storage tanks.
The moni tor ing wel ls  have been sampled at  about  one-week intervals  s ince insta l la t ion in  la te
January 1980.  

-  
The observat ion wel ls ,  insta ' ! led to c lar i fy  anoma' lous data f rom some of  the moni '

tor ing.  wel ls ,  a lso have been sampled at  abrrut  one-week intervals  s ince complet ion in  la te
Apr i l -1980.  bJaekly sampl ing of  a l l  we' l ls  is  cont inujng.  The sample-s have been tested for  radio-
at t iv i ty  and chemical  contaminat ion.  To check for  errors,  the analyses were done by several
d i f ferent  laborator ies.

* In Ref .  22,  the average radioact iv i ty  levels  in  sur face water  in  the Chicago area are g iven.
as :  a l pha ,0 .1 -3  pC i / t - ;  be ta ,5 -10  pC i / l .  I n  Re f .  23 ,  an  ave rage  t r i t ' i um leve l  o f  287  pu i / L
in sur face water  is  c i ted for  la t i tudes 30o-50"N.
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Ihilギ1l an31ys●S of water samples from some mo「itoring well, ,howed concentration3 0f tritiu印

華準鞘 翠騨職 騨 i駆ぱW群器選群醍路裾監革野ピ11
Concentrat'ons Of other rttd有 onuclsdes alSo wさ re fOund tO be below MPC for unreetricted areas. ‐

t母illi!::iiliilll譜:|よ:]tli:::i:|:|!ilt[:錠:軽千!|:!i:|li:::il:!:1告lt士i番難;it:;k
綻堤鵡り 戦:鮮鞘鯛郷譜躙盤鍋ヽ静
::::dttn、景[tぷ1鵠ギ鞘lt豊柏e:!r:常:htぽ挑品辞縛:w:fal::°i::le古!縛協品播暫祥1陀
test data supports the hypothesiS Of the BWST ]eakage through the fittings as the sourcO of
contamlnation.

tiet3景。樹R:f:tとilgtRど骨gr晶‖9Hf]d:[a七暑tei!]tm::骨]i:SCant concentration3 0f nuClides were pFeSent into prevent additiOnal contattination ofithl si,e
OrOundWater and the susquehanna River,  Examples include:

~ ::: 1:::t:: !81::r掃
♀!1: |:r3と

m9:↑
u品: 8: 3♀。i景]‖普号eihicC:』ti‖

千‖:tid groundwater.  The wells
― A slurry wall of bentonite o十  other relatively imperweable materisl could be installed to

surround the contaminated area口   The wall would inhibit the passage of groundwater both to
and from the site.  A mギ nimum of about a year.s tfme would be available to insta1l the wa]1,
because it would take the contaminated groundwater at least this long to migrate to the

i  Susquehanna River.  (See Appendix V for concentration estimates in the event of an acci―

dental releases)

3.5  ECOLOGY            ‐

3 . 5 , l  A q u a t i 伊        ‐

1::t:i:と]。デ毛甫ま号品;岩]骨岩吊をR]:5 母i七景
rsil岳

ll13 8摺
iSmS usually associated with flowing waters and

rs.

Aquatic macrophytes are rare because of f]uctuating flows and water ievels and the type of river

誰i袖群覗拓掛操遣Ⅵ十静指:降F畜鮮聯鵬結譜n靴淵t艦鼎脇
tl succession follows a pattern indicative of aヽ

mesotrophic to eutrophic aquatic systemi  a spring bloom of diatoms, a sumtter abundance of green
algae, and a late summ● r/early fall increase in blue― green algae and flagellates。 16,24  Tぃ ぅs
pattern is a150 representative of algal succession in a lake and indicates the importance ● f the
lmpou,dmentS ln the trophic structure of the rivor.

Zooplankton lomposit村 on and abundance are variable.   The dominant groups are rotifers

i骨告景岳:;:岩里号fS,るとifどrri品尾則「宅苫古gtteitti・↓と 88需 C°pepOdS (Cyc10ps spe),1●  The perうodjc high
mestic waste loadings to the river.
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tキli鳥十ili:ii]ffler:♀
‖:]i:ti♀3ml‖:i:ein8rimi8ilは品:景:: 号1告in:l者 :普

silt, and finer― sized particles in the various
sections of the river.  The finer particles tend to sett]e in the impoundmentsi the larger,

heavier particlゃ s settle in the flowヽ ng sections.  The available sediments are primarヽ ly sand,
with varyギ ng amounts of silt, cl ay, and organic matter,  The most aさ undant benthic invertebrates
are tubificid woF・ 予S and insect larvae.■ 6,124

xFor selected deta i ls  on York Haven Pond,  Conowingo Pond,  and upper Chesapeake Bay re lat ive to
th is  envi ronmental  impact  s tatement ,  see Appendix E.
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The fish corrnunity can be characterized as a wafln water assemblage, and is_ dominated by members
of the minnow, pe'rch, and sunf ish famii ies. l !15-17'1e The lower port ion of the r jver (below the
Conowingo Dami i.eceives spawning migrations of some anadromous species, primarily members 9I !h"
herring-fami'ly and stripe'd bassl Tiere is an_active^sport fishery throughottt the river. Major
spec ie ;  sough i  a re  c rapp ie ,  bass ,  and sunf ish . r { '16r1er24

In the shallow water of upper Chesapeake Bay, aquatic macrophytes are abundant, and plants such
as cord grasc (Spart lnq sp.)  and wi ld celery (Val l isneria- sP.) alg quite product ive as wel l  as an
attractiie food-T6ffif f6r waterfowl. ptanftffiETi!-aC primarily diatons, dominate throughout
the Bay, al though green, blue-gneen, red, anu brown aig:e also are present. lT

The invertebrate fauna is diverse and jncludes a g?adation from freshvrater to marine types'
depending on the salin_ity and bottom substrate. Important conmercial fisheries-9re-^9y:ters;.
c lams, and bluecrabs. lTr2s 1p 1975, the harvest of  important shel l f ish exceeded 11. '000 tons.zJ

The f ish fauna of the Bay also is diverse, and doininant species change with the season and migra-
tory patterns. The commercial fishery of the Bay is important to the Bay states; maior species
nar-vei teO from I ' laryland waterc include menhaden, str iped bass, and bluef ish. ls

3 .5 .2  Ter res t r ia l

Land use and major vegetat jon types within a one-mile radius of t ,he plant are shown in Figure 3.7.
The northern two-thirds of Three ! . l i le Is land is occupied by the plant and the peripheny of most
of the northern port ion is forested. Only the eastern half  of  the lower' ,  third and the western
periphery of thi i  lower third are forested; the remainder of this port ion of the is land is most ly
covered by grasses and loyr shrubs. The plant community is .ess than 80 years old and of a type
common to the area. A 4O0-ft-wide bui ldozed str ip paral lels the construct ion road that runs front
the plant to the temporary access bridge at the southern end of the island. The nearby !slln{:
a re ; im i la r ly  fones t6d ,  e icep t  fo r  She l ley  Is land,  wh ic l ' :  i s  par t l y  used fo r  agr icu l tu re . r tLe ,26

Downriver, l6 the r ipar ian, bottomland and Hetland vegetat ion are simitar to vegetat ion in com-
parable tr i l i tats in the vic in. t ty of Three l . l i le Is land.L'rs '24'26

The composit ion of the forest js indicat ive of a stage in the succession of a f locdplain sere
between the cottonwood-willow and oak-hickory stages. The majority of the forest land on Three
Mile Is land can be classi f ied as bottomland hardwood forest,  streaF ierrace hardwood fo:"est '  or
black locust forest.

The distr ibut ion of terrestr ial  habitats is shown in Figure 3.7. The bottomland hardwood forests,
about 230 acres, are in low-iying areas where f looding from the Susquehanna River has been fre-
quent.  Si lver maple, ash, anC r iver birch are the most common overstory species; they are found
in associat ion with Anerican elm, sycamore, catalpa, cottonvtood, and tul ip popla:".

The stream hardwood foresis are found on the higher bottoms and stream terraces. About 90 acres
of this forest type were reported. Red oak is the most abundant species, although one stand had
chestnut oak and beech as dominant ovei"story species. Spec' ies occurr ing less frequent ly include
b lack  cher ry ,  b lack  locus t ,  b lack  wa lnu t ,  mockernut  h ickory ,  s i l ver  map le ,  tu l ip  pop la r ,  and ash.

The black locust forest is found pr imari ly in a woodiot of  about 50 acres on the southeastern
port ion of Three Mile Is land. This is a relat ively young second-growth forest.  In some areas
b' lack cherry and black walnut occur with black locust as the dominant species; in others, black
locust alone is dominant.  Less frequent ly occurr ing species include sassafras, cottontvood, ash,
staghorn sumacr and box elder.

The miscel laneous areas include a very o' ld 3-acre stand of beech forest on Beech Island, hedge-
rons and windbreaks planted between agricul tural  f ie lds, and a double row of red pine bordering a
cart  road on Shel ley Is land.

0f the 212 species of terrestr ial  verterbrates found in *,he TMI vic ini ty,  there were 179'birds,
19 mammals, 8 rept i les, and 6 amphibiarns (Ref.  11, Ta! les 2.7-5 through 2.7-8).  Smal l-game
animals vrere eastern cottontai l  rabbit  and gray squirrel .  Mammalian predators were longtai l
weasel and red fox. The largest mamma1 on the si 'ce was the white-tai l  deer.  Four species of
upland game bird were found onsite:  r i rng-necked pheasant,  American woodcock, mourning dove, and
r6ck dove. Whist l ing swan, Canada goosre, ni i le species of dabbl ing duck.,  seven sPecies of div ing
duck, and three species of mergansers also were reported. This sampl ing is typical  of  the fauna
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found downriver.■,  Because thl susquehanna River is a najor flyway, large numbers and many
SplCies Of migratory and res dヽent waterfowi nest and feed on the ponds and reservoir, along the
rlver.

No endanglred spectes are knOwn to occur on the plant site.11'27 The Site lles within the ranges

of ●ccurrence Of threei endangereO Species‐‐scuthern bald eagle (Haliaetus leucocephalus),

!iti9ti‖:lξ
alitld(岳

:増キモ 母帰格ドヽ事科甘ますユ告とギlliui:lisntt bat (MyotSs 30dalis)―
―and it is possible that

during period3 0f migrationo  Several American

ospley, a specteS designated as of undetermined status, hav` blln seen onsite, but no nesting
altiVity haS been observed.1l  The bald eagle and osprey, whヽ ch are likely to take food from the
rivёr, can be seen downriveF, as well as at the stte.

3.6  ,OPULAT10N, LAND USE, AND OTHER SOC10ECONOMIC CONSIDERAT10NS

3.|.l  POpulation Croups and Ceographic Areas of lnterest

The staff has ldentttfSed four population groups and geographic areas that have the potential for
befng affected by decontamination activSties at TMI-2.  The area wilhin 15 miles of TMI, here―

after referred to as the t'vicinity・ 8 。f TMI, is exPected tO experience such imPacts as are gen―

erated by ttn‐mov:ng technScians, traffic to and frOm th●  site, and various cleanup activities.
The second subarea subject to potential impact is the Susquehanna River and those who use the
river and adjacent lands for recreational purposes.  The Chesapeake Bay is the third subarea
sdentified by the staff.  PotentSal lmpacts to the 3ay wOuld affect those who make their lヽ ving
from the Bay8s reSOurces, those who use the Bay for recreation, and those who consume Bay shell―
fish and finfish in marketSng areas across the nation.  Fi nally, the transportation of waste from

TMI could impact people and areas adjacent to the selected transportation routes.  For illustra―

tlve purposes, the analysis ln Section 9 features two feasible routes having extremes in distance
traveledi these routes are to the commerctal burial sヽ te at Rヽ chland, Washington, a distance of
about 2750 mヽ les, and to the waste management facilities at West Valley, New York, 370 mlles from
TMI.

3.6.1.l  Population and Land Use in the Vicinlty of TMI

An estfmated 489,000 people live in the vicinity of TMI (see Tabl●  3.5).  The pOpulation density
of 570 persons per square mile is substantSally higher than the state as a whole.  The relatively
hギgh population density in the 10- to 15-mile zone is attributable to Harrisburg, the state
Ca,有tal, which is located 12 miles to the northwest of TMI; in 1970 Harrisburg had a population
of 68,000,  Goldsboro, with 576 people, is the munictpality closest to TMI(about l mile)and is
located directly opposite the nuclear station on the west shoro of the Susquehenna.  Other com―
munltSes within the vic nヽlty of TMI are listed in Table 3.6.

Tab le  3 .5 .  Popu la t i on  and  Popu la t i on  Dens i t y  D i s t r i bu t i on
in  t he  V i c i n i t y  o f  TMI ,  1978

Radius

(mileS) Popul ati on
Dens i ty

(pop.  /sq .  mi .  )

0-5

5-10

10-15

Total

37,842

116,973

334,305

489,120

7 . 7

23.9

68.3

100.0

353.1

487.8

654.0

570.0

Source:  Commonwealth of Pennsylvania, ltThe Socio―

Economic lmpacts of the Three Mi]e lsiand

Accident.・ ・
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l, lunicipal ity County
1970

Popul ati on

Di stance
from

Tl,lI (mi I es )

Gol dsboro

Royalton

Middletown

H i g h s p i r e .
Yorkhaven

El izabethtown

Manchester

SteeI ton

New Cumberland

Humme'l stown

Hershey

Harri sburg

York

Dauphi n

Dauphi n

Dauphi n
York

Lancaster

York

Dauphi n

Cumberl and

Dauphi n

Dauphi n

Dauphi n

576

1,040

9,080

2,947
67t

8 ,072

2,391

8 , 5 5 5

9,803

4,723

7,407

68,061

I

2

2\

4

4

5

6!4

7

9

9

10

L2

Source: U.S. Nuclear Regulatory Commission, "Final Environmental
Statement Related to 0perat ion of Three l4i le Is land

'  Nuclear Stat ion Units I  and 2." December 1972.

Whi le urban development  is  concentrated around populat ion centers and a long maior  t ransportat ion
co r r i do rs ,  much  o f  t h€  l and  i n  t he  v i c i n i t y  o f  TMI  i s  devo ted  to  f a rm ing .  The  so i l s ,  wh i ch
exhib i t  good to excel lent  character is t ics,  combined vr i th  favorable physiographic and c l imato-
logical  features produce h igher  than average crop y ie lds in  the state.  F ie lc i  crops such as corn
and wheat ,  and dai ry ,  poul t ry ,  and l ivestock operat ions are prominent .28

3 .5 .1 .2  T ranspo r ta t i on

The r r ic in i ty  of  T14I  is  broadly del ineated by four  t ransportat ion routes that  encompass an ' i r reg-
u lar ' ly  shaped area.  In terstate 83,  which is  or iented nor th-south,  connects Bal t imore,  York,  and
Harr isburg.  In terstate 75,  the Pennsylvania Turnpike,  connects Harr isburg wi th urban centers to
the east and west. Interstate 95 forms the southern border of the area and connects Baltimore
Ci ty  wi th other  East  Coast  c i t ies.  State Route 10,  which is  or iented nor th-south,  connects I -76
and I-95 on the eastern boundary. With thg exception of the state route, the roadway net pro-
v ides h igh-speed and h igh capaci ty  access to the area.  U.S.  Route 30,  another  h igh capaci ty
road,  connects York wi th Lancaster .  and d iv ides the region of  impact  in to two subareas.

3.6.2 Socioeconomic Statqr sf lhe iegig_!

The immediate and short-term socioeconomic impacts of the accident at TMI have been reported in a
number of  s tudies.  In  th is  sect ion,  t ,he status and cont inuing socia l  and economic impacts of  the
accident  are d iscussed in terms of  ro locat ion,  property  values,  the economy, gDvernment ,  and
recreat ional  f ish ing.  Most  of  the d iscussion that  fo l lows is  in  terms of  county-1evel  data.

3 . 6 . 2 . 1  R e l o c a t i o n

0 f  14 ,000  househo lds  vy i t h i n  f i ve  m j l es  o f  TMI  p r i o r  t o  t he  acc jden t ,1504  expe r i enced  a t l eas t
one member relocating to a new perm,anent address between March 28, 1979, and March 1980.
Followup studies of those who relocal;ed have not yet been undertaken to determine tlre extent to
which the accident  was a causat ive far : tor in  the re locat ion dec ' is ion.  The data indicate that  the
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mobility rate is less than the rates for both the natlon and the region. In addition' these data
indicat! that 44 percent of those who relocated within the S-mile zone; an additional 30 percent

relocated within the greater Harrisburg area.2e Although specific reasons for relocation have not
i"i"-"li iUlirr,"i,-' in" data appear to indicate that rel6caiion to escape believed dangers of Tl'lI
may have been initially overst-ated by the staff (see DPEIS for TilI Unit 2, p. 3-19). ,,,

3 .6 .2 .2  Hous ing  and.Proper ty  Va lues  
' : l

In the vicinity of TllI, the latest available census data indicate that 152,600 housing uflits were
occupied. 0f ihis total , two-thirds of the units were occup_i_ed by their owners 3nd 1o,!rrly the
same'proport ion of the units were at least 20 years old in 1970.30 Housing-studies of^Dauphin and
tancaitei Counties indicate that construction is meeting or perhaps exceeding demand.3r'32 The
housing stock in York County has increased by an average of 1.8 percent annually since 1970; this
rate aicormodates householdgrowth but not vacancies and housing losses.33

Two independent studies evaluated the impact of the accident on property values' sa_les, the.
number oi days reguired to sell a property, and perceptions of mortgage-lenders, realtors-,_lnd
contractors.fs 'gl ' In general ,  both studies conclude that the accident did not have a signi f icant
and continuing negativl effeit within 20 miles of T1,lI. tl ith respect to sales price' historical
and cross-seclion;l analyses indicate no adverse impact even when distance from the nuclear
station is used as a catLgory with which to classify properties. For a period of at least one
month after the accident,  thd number of sales within 5 mi les of the stat ion did decl ine dramati-
cally and brought the real estate market in this area to a virtual standstill. However, during
the last half o1 1979 sales resumed a more normal pattern. By the end of 1979' sales had dropped
by only 7.3 percent below the 1978 rate despite high interest rates and the l imited avai labi l i ty
o? rnorigage iunds in the last two quanters of 1979. During !979-,9n averag€ of84.3^_daysra-s
required' fo setl a residential property, which compares with 79.3 days required in 1978. This
6.d perncent increase is not con;id;red significant in view of the depressed mortgage market in
late 1979. Interviews with realtors indicite that the accident may have had an adverse impact in
second quarter sales figures but that economic conditions had primqry_importance in explaining
overal l ' t rends for the year.  Some realtors have indicated that v is ibi l i ty of  the towers has had
a negative effect on the sale of individual homes; however, such instances are not numerous or
severe enough to affect the housing market within 5 miles of Tl'lI.

3.6.2.3 The Economy

The economy of the region (Cumberland, Dauphin, Lancaster, Lebanon, and York Counties) is diversi-
fied, although manufacturing is the dominant activity. In 1978 manufacturing firms employed
31 percent of the total laboi force in the five counties. The thnee leading manufacturers are in
mac'hinery (except electrical), fabricated metals, and food and kindred products. The retail
trade inlustry is the second leading source of employment. Census data for 1970 indicate that
the occupational pattern of the region closely resembles that of the nation in the high pro-por-
t ion of professional,  managerial ,  cnaftsman, and operat ive categories. Dauphin and Cunberland
Counties lead the other count ies in the proport ion of their  labor forces employed in white-col lar
occupations, a reflection of the concentrated opportunities for government emplo.yment in the
gneater Harrisburg area.27

In the paragraphs that follow, the effects of the Tl,lI accident on four areas of the economy are
reviewed.

An estimated 55 percent of all i lanufacturing firms within 20 miles of TMI (1141 firms employing
101,700 people) dxperienced no adverse economic impact for the lZ-month period ending l' larch 1980.
Of ine l+S'tirms which experienced sone adverse impact, 68 percent (167 firms) reported no con-
tinuing effect by July L9i9; L7 firms reported economic losses for the full year after the acci-
dent. In addition to-economic impacts, an estimated 80 percent of the firms (918) indicated that
their products suffered no adverse "imagel rrffects in the market place; -a'lmost 7 percent of the
firms (79) indicated that their products suflered one year after the accident.

0f the 20,Ig7 nonmanufacturing units within a six-county area su_rrounding Tlil l,* an estimated
66 percenl (13,418 units) experienced no economic loss as a result of the accident; 28 percent
(5727 units j  eiper ienced adverse economic i tnpact.  By July 1979,70 percent of those previously

*The s ix  coun. t ies are Dauphin,  Lancaster ,  Cutnber land,  Lebanon,  Perny,  and York.
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exPeriencing losses (4000 units) ceased to do so. An additional 25 percent experienced no losses
after December 1979, and 4 percent experienced economic adversity for the full one-year period.
The senvices and retail sales sectors accounted for 80 pencent of atl lost sales, which amounted
to $74 ni l l ion; yages lost in ai l  sectors were est imated to be $5.5 mi l l ion. The proport ion of
norunanufacturing units that indicated Tl{I was having a negative image effect has remained stable
at l0,percent,dur ing the year.

The accident has been ci ted as being the cause of an est imated $5 mil l ion loss to tour ist-
oriented businesses in the six-county area. This loss occurr.ed during the four-week period
following the accident. Tourist industry losses continued through the surmer of 1979 when the
trend peaked and continued into the fal'l at reduced levels. Other factors, such as the outbreak
of pol io in the Amish Community,  the gasol ine shortage, adverse weather condit ions, and worsening
nat ional economic condit ions, also were seen as having a depressing effect on tour ism, part icu-
lariy during the surmer and fal'l seasons. Indicators for the 1980 tourist season--hotel/mote'l
occupancy rates and attendance figures--are approaching preaccident levels. Even among those;.
businesses indicat ing cont inuing adverr ie impact,  the impact is evaluated as being sl ight.

Economic losses in the agnicul tural  sector *ere est imated to be less than $500,000; these losses
were suffened during the five-week period after the accident. Farmers who sell milk directly to
customers--"mi lk juggersrr--are a notable except ion to the general  experience. For juggers, mi lk
sales continued to linger 10 percent below 1978 levels as iate as 0ctober 1979. However, this
exPerience does not extend to farmers directly selling fresh fruit and vegetables to customers.

3.6.2.4 State and Local Government

The jur isdict ional structure of the area in the vic ini ty of TMr is notable for i ts complexi ty.
Pants of f ive count ies--Cumberland,Oauphin, Lancaster,  Lebanon, and York-- l ie within 15 mi les of
the stat ion, and these jur isdict ions are further subdivided into 37 townships and 25 ci t ies or
boroughs. One of the ci t ies, Harr isburg, is the capital  of  Pennsylvania. As part  of  their
general  administrat ive respons-ibi i i t ies, county- level governments are charged with planning and
managing energency situations. 3s

Between l4arch 30, L979, and mid-August 1980, the State of Pennsylvania incurred Tl4l-related
personnel and operating costs of $761,482.28 Increased local government expenditures for emer-
gency services and employee overtime costs amounted to $148,355. As of April 30, 1980,
l i letropol i tan Edison's insurance covened 95 percent of the claims f i led and 57 percent of the
expenses reported (see Table 3.7).

Table 3.7.  Status of  Local  Government  Insurance Cla ims
Against Met Ed Related to Tt4I Accident

(as of  Apr i l  30,  1980)

Government
Level

Reported
Expenses

I nsurance
Cl  a i  ms

F i l e d

Insurance
Cl ai  ms
Paid

l,lunicipal

County

Total

$  90 ,319

58,036

$ 148,355

$49,981

39,559

$89,539

$45,444

39,429

$84,873

Source: Commonwealthr of Pennsylvania.



3.5 .2 .5  Recreat iona l  F ish ing

In the'modths fol lbwir ig ' the accident,  surveys of f ishing act iv i ty on the York Haven Pond of the
Susquehanna indicated below normal or low normal levels of f ish caught,  f ish kept (harvested),
number of 'anglers, and total  hours spent f ishing (pp. 55-51 of Ref.  14).  By JuIy 1979, f ishing
condit ions had returned to histor ical ly normal levels.  The post-accident depression of f ishing
indicators has been attributed to altered behavior by local anglers--the bulk of fisherman on the
York Haven Pond--who either ceased fishing activity or fished elsewhere.

In late Julyi1979, about 4000 gal lons of water were released to the Susquehanna River from TMI.
The amount of:radiat ion was insignif icant and posed no threat to publ ic health and safety.  The
release was wide' ly publ ic ized Uy t tre neyrs media.36 Harvest indices decl ined in August and
returned to normal in September:

3.6.2.5 Summary and Conclusions :

The socioeconomic effects of the accident were mainly precipitated by the evacuation of house-
holds and individuals and by the al tered behavior of those who remained in their  communit ies. In
retrospect,  the socioeconomic effects,  as indicated by' lost sales and wages, decl ine in services,
and increased expenditures, were, with some notable except ions, short- l ived. For a smal l  number
of business f i rms, tour ist-or iented businesses, state and local government agencies, and milk
juggers, the cost imposed by the accident continued for months after the accident. However, even
among these groups the adverse socioeconomic impact appears to have declined by the end of 1979.

3 .5 .3  Psycho log ica l  Set t inq

l{hi le some level of  stress exists in al l  communit ies, the unique si tuat ion of the TMI-2 accident
has sensit ized the Tt l I  populat ion to plant-related act iv i t ies. This results in increased levels
of stress in some Tlill community members, with greater awareness of the psychological conse-
quences of the accident to themselves and the unknown prospects of the decontamination opera-
tions. The Kemeny Commission conc'luded, "The major health effects of the accident appear to have
been on  the  menta l  hea l th  o f  the  peop le  l i v ing  in  the  reg ion  . . - t t37

Stress is a complex process that involves environmental ,  social  and psychological  events that can
cause harm,  d is rup t ion ,  o r  loss .4or68r69 These events ,  ca l led  s t ressors ,  a re  sub jec t  to  peop lers
appraisal  of  them. An event wi l l  e l ic i t  a stress response only i f  i t  impl ies threat or danger.
I f  i t  does, the stressor wi l l  evoke physiological  and psychological  arousal that at tempts to cope
with or reduce believed threat. The consequences of arousal and response nay include performance
def ic i ts,  somatic distress, depression or anxiety.  Thus, the experience of stress is determined
by appraisal  of  the stressor.  I f  the event is bel ieved benign, a stress react ion is unl ikely.
I f  the event impl jes threat,  a stress response is l ikely.  Distress is a disrupt ive react ion to a
stressor.  The length of the stress response is determineO-Uy aErson's abi 

' l  
i ty to reduce the

threat and the durat ion of the stressor.  Some stressors, however,  have consequences that last
beyond their  durat ion.

Stress is a complex phenomena that also presents a number of obstacles in studying i t ,  especial ly
def ini t ional and measurement problems. The experience of stress var ies widely across individuals
and events. Low levels of stress may faci l i tate some task performances and inhibi t  others. In
examining stress, i t  is useful  to have a basel ine measure with which to compare subsequent stress
responses. Retrospect ive quest ions about past experiences or react ions are suscept ib ' le to bias,
such as memory or mental  status.sr In spi te of these problems, a wealth of informaticn about
stress has accumulated. Various psychological  studies of the TMI communit ies have attempted to
discern the nature and the extent of distress associated with the accident and with cont inued
concern about decontamination.

Various studies agree that immediately fol ' lowing the Ti i i  accident there was an increase in
psychological  distress in the communit ies surrounding the plant and that symptoms diminished by
mid-summer L979.37 r38t i l2-45 Some researchers conclude that the drop indicates the threat l ' inked
to the accident is acute or event specif ic.37t45t47 Others suggest that whi le several  i tems
drop, others related to anxiety cont inue to remain high after the accident because of cont inuing
uncertainty.44'4s'47'48 The cont inuing tens; ion is largely due to the cont inued presence of a
cr ippled reactor and ant ic ipat ion of decontaminat ion act iv i t ies as wel l  as to the accident expe-
r ience. Often-mentioned evidences of stress are the publ ic 's expressed distrust of  those respon-
sible for these act iv i t ies and their  fears ,of  possible, unant ic ipated, or underest imated health
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consequences, or of delays in cleanup. DuPont,ae in his analysis of ten years of nuclear energy
TV-news coverage, suggests that public concern is amplified by the national TV media's generally
negative coverage. Baum{? suggests that a history of negative images Iinked to radiation and the
atomic bomb is an important determinant in the public's assessment of nuclear power as unsafe or
very risky.

0ther research indicates that a portion of the public fears nuclear powen for many of the same
reasons.4l The Kemeny Commissions? suggests that psychological distrLss in the TMi community is
induced and exacerbated by a lack of confidence in those parties directly involved in the
cleanup. They conclude, however, that distress associated with the Tt4I accident is acute, with
no signi f icant increase of long-term mental  or physical  heatth problems ant ic ipated.

Recent studiesrsori t  however,  suggest measurable long-term psychological  impact.  Brometso f inds
distress, measured by high levels of anxiety and depression, among the sample of mothers l iv ing
in the vicinity of TllI. l4others who exhibited symptoms of distress were likely to have one or
more of the fo ' l lowing character ist ics:  to have pr ior psychiatr ic history before the accident,  to
live within 5 miles of the p'lant, to not have extensive social support netvrorks, and to be preg-
nant dur ing the accident.  Symptoms.reported for the mothers l iv ing in the plant v ic ini ty,  how-
ever, are only marginally greater than those reported for the control group.

Houtssl  f inds long-term psychological  di f ferences conpat ible to Bromet 'sso f indings when he
compares a TMI sample with a sample of people who l ive over 40 mi les from the stat ion. He is,
however, very cautious in his interpretation because of the use of retrospective data"

In conclusion, the avai lable Tt i l l  psychological  studies37r38r42-48r50'51 suggest to the staff  that
some port ion of the populat ion in the vic ini ty of TMI is stressed. There is probably more stress
measured at Tl,lI than found in other communities. The accident and post-accident events, however,
have sensit ized the populat ion to psychological  consequences of act iv i t ies associated vr i th the
TMI nuclear stat ion. This sensit iv i ty may ampl i fy stressors or make stressors appear to be
related to Tl t l l .  The current stress levels in downriver communit ies have not been specif ical ly
studied. Houts,42'sl  however,  uses a sample of the populat ion over 40 mi les from TMI as his
reference for normal stress levels in his analys' is.  His sample is assumed to ref lect stress
levels downriver.

3.5.4 Susquehanna River/Chesapeake Bay

The most notable physical features of the impact region are the Susguehanna River and the Chesa-
peake Bay. Draining an area of 27,5L0 square mi les, the 45O-mile- iong Susquehanna is a major
river in the eastern United States and supplies about 50 percent of the fresh water in the bay.
The Chesapeake Bay is one of the largest estuaries 'in the world, hav'ing a surface of about 4400
square  mi les ,  a  length  o f  near ly  200 mi les ,  and more  than 7000 mi les  o f  shore l ine .s2 's3  The
Susquehanna River-Chesapeake Bay system js the focus of intense commercial and recreational
f ishing, boat ing, and water consumption

3.5 .4 .1  Commerc ia l  F ish ing

In 1978, the latest year for which summary data are avai lable, the commercial  harvest of  she1l-
f i sh  and f in f i sh  in  the  Chesapeake f i sher iesx  was 214 mi l l ion  pounds,  w i th  a  landed va lue  o f
$ 8 9  m i l l i o n . s 4 ' s s

Data on harvests for selected years are sumnarized in Table 3.8. About 11,150 individuals cur-
rent ly earn their  l iv ing as "watermen" (see Table 3.9).

For both the Maryland and Virginia port ions of t t -re Buy, shel l f ish are more important economical ly
than f inf ish, represent ing more than 90 percent cf  the landed value in 1977 and 1978. In

*Chesapeake f isher ies summaries incorponate data on Chesapeake Bay and i ts  t r ibutar ies and the
At lant ic  0cean of f  the Mary land-Virg in ia coast .  S ince 1970,  the contr ibut ion f rom the At lant ic
0cean has grown as a percentage of the total Chesapeake fisheries harvest. In 1970, the ocean
harvest represented 14 percent of the ' leight and 20 percent of the value; by 1978, these per-
centages had increased to 26 percent and 45 percent, respectively.
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Table 3.9.  Reglstered Full―Time
Watermen in Maryland and  i

Virglnia,1977‐1979‐

Year l.laryl and Vi rgi  ni  a Total

1977

1978

1979

4,003

5,235

5,349

4,700

5,060

5,803

8,703

10,295

11,152

Source:  Nat ional  Mar ine Fisher ies Serv ice.

l4ary' land waters, commercial  f ishing rel ies pr incipal ly on b' lue crabs, oysters, soft-shel led
crabs, surf  c lams, menhaden, and str iped bass. Oysters represent the single most important cash
crop i '  .and, exceeding $14 mil l ion and $15 mil l ion in 1977 and 1978, resp,rct ively.  The
Vingini .  commercial  f ishery rel ies pr incipal ly on harvests of hard blue crabs, oysters, surf
clams, sea scal lops, croaker,  menhaden, and f lounder.  Unt i l  1978 the top Virginia f ishery in
terms of pounds caught and dollar value was the menhaden. Landings of menhaden peaked in 1977
with a harvest exceeding 501 mil l ion pounds that had a landed value in excess of $19 mil l ion.
Harvests of blue cnabs exceeded 35 mil l ion pounds in both 1977 and 1978, with a dol lar value of
$6 .7  mi l l ion  fo r  each o f  those years .54r55

That port ion of the f inf ish and shel l f ish harvest not sold direct ly to restaurants, markets, and
individual consumers is sold to processors and wholesalers. In 1978, the value of processed f ish
products in Virginia and Maryland was $221 mil l ion.s6'sz (An undetermined port ion of f ish enter-
ing the processing/wholesal ing system originates in the At lant ic 0cean off  Virginia and Maryland
and in water bodies elsewhere.)  The processing and wholesal ing system employs an average of
5900 people throughout the year in 350 establishments. Each year during the peak months the
number of employees added to establ ishment payrol ls r ises. For instance, in 1978, the average
enployment for the peak months was 8900, an increase of 29 percent above the yearly average.
These data are summarized for selected years in Table 3.10.

The economic benefits generated by harvesting Chesapeake seafood include stimulation of economic
act iv i ty in other segments of the f ishery industry and in other econom'ic sectors. These benef i ts
accrue to areas throughout the nation in addition to the Maryland-Virginia area. A recent study
concluded that the mult ipl iers for income and for employment were 3.47 and 3.13, respect ively.ss
That is, for every dollar of seafood harvested from the Chesapeake fishery, an additional 92.47
is generated in other sectors, and each ful l - t ime waterman supports an addit ional 2.13 jobs. As
indicated in Table 3.11, the 1978 Chesapeake harvest had a landed value of $89 mil l ion and pro-
duced an addit ional impact of more than $219 mil ' l ion; the 11,150 ful l - t ime, l icensed watermen of
the bay helped to create employment for an additiona'l 23,700 people.

The Chesapeake Bay commercial  f ishing industry can be character ized in the fol lowing ways:*

- Harvest ing, processing, and wholesal ing is organized around widely scattered individua' ls or
small groups using simple--often ht)memade--gear. The waternan operates on a low-capital,
low-overhead basis that reflects the need to function in an environment of great uncertainty
and f lux. In many instances harvest ing and processing operat ions are.supported by family
members, are labor intensive, and, with respect to processing and packaging faci l i t ies, are
marginal ly prof i table.

*Information in this sect ion is based on References 59-64.
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Table 3.11. Economic Impact of Chesapeake Bay
:  Commercia l  F isher ies

Dol I ars Empl oyment

Basea

t'lu'l ti pl i er

Gross impact

Net impact

99 ,000 ,000

3 . 4 7

308 ,830 , 000

219,830,000

11,150

3 . 1 3

34,900

23,750

aLanded value and n'. er of employees.

- The industry is subject to seasenal cycles and bio]ogical  and environmental  f luxes. l {ater-
men work closely within these natural  constraints.

-  Recent product iv i ty data indicate a trend toward a general ,  long-terrn decl ine as wel l  as a
cycl icai  1ow poini  in the Bay's resources. A general  decl ine occurr ing simultaneously with
i-ncreased pol iut ion represents the single most important threat to cont inued f ishery
stabi I i ty.

-  The industry is faced with increasing competi t ion as products from-other states supplant
Maryland ani Virginia products. Cra6s from the ent ire Gulf  of  Mexico and the Southeast
At l int ic Coast anid oysder imports are part icular ly notable in thjs regard. In addit ion'  the
market for fresh Maryland seafood is being subjected to pressures from frozen seafood
products.

-  Despite the r ise in capital  costs and operat ing expenses, gross incomes a;rpear-to be reason-
ablL. Income has not experienced greater downward pressure because of the exjstence of an
extensive non-cash econori ty and beciuse of sel f- imposed l imitat ions on the modernizat jon of
equipment.  Among process-ors and who' lesalers, prof i t  margins are low and varjable and are
subject to pressure from r is ing transportat jon and labor costs.

- The markets for Chesapeake fishery products are widely scattered and are composed 9! maly
ind iv idua l  ou t le ts :  res taurants ,  

- re ta j l  
s to res ,  cha ' in  s to res ,  and ins t i tu t ions .  D is t r i -

butors have individual market ing systems based on personal knowledge and geographic routes.
Regular markets are found as far north as Montreal, as far south as Texas, and west to
Chicago and Los Angeles.

-  The Chesapeake f ishing industry is supported by smal l ,  scattere!,  and self-suff ic ient com-
munity structures that are chaiacter ized by extended family sett lement,  k inship and jnformal

relat ionships, and non-cash e;rchanges fol ,  mater ials and services.

3 .6 -4 .2  Spor t  F ish ing

Sport f ishing on the Chesapeake Bay is an act iv i ty th-at r- iva1s commercial  , ishing in both inten-
sity anA val-ue. Estimates based on the 1975 sport fishing survey.conducted by the State of
parl tanO indicate that almost 2 mi l l iorr  f inf ishing and crabbing-tr ips were lade tg the Maryland
iiOiwao-er (comparable data for Virgini;r waters do not exist).65 Approximately 88 percelt of
thJse tr ip j  were on pr ivate, non-charterr boats; the remainder, .242,000 tr ips'  ! ' rere on charter
boats. Aimost 70 peicent of Maryland residents on pr iva_te f ishing_boats were res' idents of Anne
nrrnAef,  Balt imore, and Prince GLorges Count ies and of Balt imore City.  _0f nonresident jnter-

vi"*" .s,  93 percent or iginated from-foirr  jur isdict ions: Washington, D.C.,  Delaware, Pennsyl-
van ia ,  and V i rg in ia .
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The total harvest of finfish and crabs.durring the peniod l.lay through October--the peak sport
f ishing season--amounted to 18.5 mi l l ion pounds. As indicated in Table 3.12, which compares the
sport and cormercial harvest, overall sport activity is equivalent to a considerable percentage
of the comrercial harvest. 0f the total comnercial finfish catch, more than 2.7 nil ' l ion pounds
were menhaden and gizzard shad, species not sought by sport fishermen.65 If the commercial catch
of these species is ignored, the sport catch was greater than the commercial finfish harvest.

Table 3.12 Chesapeake Bay Sport
and Connercial Hanvests, 1975

Harvest (pounds)

Category Sport Commerci al

Fi  n f i  sh

Crabs

Total

15,434,500 17,581,700

3,160,900 20 ,995,500

18,595,500 38,457,200

Source: Maryland Department of
Natural  Resources, Fisheries
Administrat ion, rr1975 Mary-
land Chesapeake Bay Sport
Fishing Survey," June 1977.

One economic measure of  the s igni f icance of  spor t  f ish ing is  the expendi ture on var iable costs.
Var iable costs are out-of -pocket  payments for  t ransportat ion,  food,  bai t ,  boat  gas,  lodging,  and
boat  renta ls .  These expendi tures mainta in the shore-support  serv ice industry  for  spor t  f ish ing
in the Chesaperke Bay area.  Based on l t lary land's  1976 survey of  f ish ing t r ips,  average par ty
s ize,  res ident /non-res ident  proport ions,  and adjusted var iable cost  data,  the staf f  est imates
that  the tota l  out-of -pocket  expendi tures in  l ' lary land for  1979 were $25.5 mi l l ion (see
Table 3.13) .  I t  should be noted that  the calculat ion does not  take in to account  f ixed costs,*
wh i ch  cou ld  eas i l y  doub le  t he  s ta f f ' s  es t ima te .

Sport  f ish ing in  the Susquehanna River  occurs f rom the v ic in i ty  of  TMI to Havre De Grace (see
Appendix E) .  The spor t  f ishery resource in  the r iver  pr imar i ly  serves local  res ' idents,  a l though
f ishermen f rom the Bal t imore area and f rom Pennsylvania are at t racted to the r iver  in  s izable
numbers.  Much of  the f ish ing ef for t  is  concentrated jn  the ponds,  par t icu lar ly  Conow' ingo Pond,
and near the ta i lwate l 's  of  the dams and hydroelectr ic  fac i l i t ies.  Because of  the var iety  of  f ish
species ( f reshwater  and anadromous,  lo t ic  and lent ic ,  bot tom and pelagic) ,  the f ishery resource
of fers the spor t  f ishermen a var iety  of  exper iences.

3 .6 .4 .3  l { i l d l i f e  Resou rce  Use* *

In addi t ion to Chesapeake Bay's
spor t  f ish ing,  the Bay's  marshes

importance to the state 's  commercia l  f ish ing industry  and to
and woodlands provide many thousands of acres of natural habitat

xFixed costs inc lude expendi tures for  ro( ls ,  reels ,  boats,  t ra i lers,  and c loth ing.  However,  such
costs do not  represent  money spent  on the f ish ing day nor  do such costs necessar i ly  represent
monies reta ined wi th in Mary land.

**Except  as noted,  in format ion in  th is  se( : t ion is  f rom Reference 52.
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Table 3.13.  Number of 86at Trips and Cご tとof―'ocke
ExPIぃOitures by sport Fishermen in Matyland, 1979

Factor Resl dent Non―Resldent 了otal

Angler trlps in  !lf      l ll

private boats                ‐

V早ギa,11■。SI/angll,tぃ。1lars)

Annwal lxpendギture (dollars)

Charter boat trips

Variable cost/
boat tr ip (dol lars)

Annual expenditure (dol lars)

1,503,017

9.71

14,594!295

Half Day

263,687

16.08

1,766,704

10.66

4,240,087     18,834,382

Full Day TOt31
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12,477

121.32

1,513,710

35,883

175。24

6,288,137

48,360

161.32

7,801,847

aVariable cost data for 1975 were inflated by 1.348 to account for change
in the Consumer Price Index up to December 1979.

Source: H.J. Speir ,  et  al .  ,  "Lg76 l4ary' land Chesapeake Sport  Fishing
Survey. "

fon a diversi ty of wi ldl i fe;  The Bay area is in the path of the At lant jc Flyway and provides
wintering areas and feeding grounds for migrating waterfowl. About 75 percent of the wintering
population of Canada geese are attracted to the Delmarva Peninsula. 0ther waterfowl species
attracted to the peninsula in large numbers include ducks, whist l ing swans, birds requir ing the
wetlands of the bay area for food and other habitat requirements, and a variety of game birds.
The interspersion of forest and farmland and the presence of shoreline and wetlands provides a
variety of food chains and habitat  niches that support  a diverse populat ion of smal l  mammals,
rept i les, and amphibians.

The wi ldl i fe resources of the bay region are ut i l ized by man in two basic ways. Consumptive
ut i l izat ion involves hunt ing and trapping to provide food and c' lothing for personal use and for
sale. Nonconsumptive act iv i t ies are undertaken purely for enjoyment and include bird watching,
nature walking, and nature photography.

Although detai led information on the economic value of hunt ing and trapping act iv i t ies is not
available for the bay area, expenditures by sportsmen are thought to be significant. Based on
data from the 1975 national survey of hunting and fishing, the typical migratory bird hunter in
l , laryland and Virginia spends about $147 annual ly for such i tems as l icense fees, rentals,  focd,
lodging, gasol ine, and guides.x Applying this f igure to the total  number of l icensed hunters in
l laryland and Virginia,  total  out-of-pocket expenditures would be more than $38.4 mi l l ion annual ly
in 1979 dol lars.  l ' laryland is second only to Louisiana in terms of the value of pel ts and food

*Dol lar values ci ted have been calculated by mult iply ing values ci ted in Reference 66 by 1.426
to account for changes in the Consuner lPrice Index up to December 1979. As in the estimate
for sport fishing expenditures, the exllenditures cit-ed hene for hunters do not include fixed
costs.
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trapped. Nutria and musknat--most of which are trapped around the Chesapeake Bay--support a
$3 mil l ion industry in l {aryland.67

l{ith respect to nonconsumptive activities, the 1975 survey indicated that the total number of
person-days engaged in bird watching, nature eJalking, and photographing wildlife was 30 percent
more than the total number of person-days spent fishing and hunting

3.6 .4 .4  Eoat ing

Since tJorld hJar II, there has been a large growth in use of the bay by water-oriented recreation-
alists, such as power boat and sailboat owners. Population growth, urban development around the
bay, increused disposable income and 

'leisure time, and improved road systems have been respon-
sible for increased boating activity. Although specific boat ownership and use data are not
avai lable, the bay is second to Long Island Sound in the intensjty of boat ing use.67 Persons
participating in nonconsumptive activities spend large amounts of money on food, lodging, and
rentals; however, estinates of these expenditures do not exist.

3 .5 .4 .5  Summary  
:

The preceeding sections descrrbed the Chesapeake Bay as a socioeconomic resource. However, data
on landed values of commercral  f isheries, employment in f ish harvest ing and processing, sport
f ishing expenditures, and the consumptive and nonconsumptive ut i l izat ion of wi ldl i fe only begin
to dimension the character, even the economic character, of the Bay. Dollar values can only
inadequately express the subjective enjoyment of the recreational boater, hunter, and fisherman
or the watermanrs sense of independence. Nor can economic multipliers adequately portray the
thousands of smal l  businesses, famil ies, and communit ies that support  the hunt ing and f ishing
act iv i t ies on the Bay.

I t  is also clear that a comprehensive and exact account ing of the economic values associated with
Chesapeake Bay f ishing and hunt ing act iv i t ' ies--even i f  such an account ing were possible--would be
a small percentage of the value of agricultural products and even less significant when compared
with the value added in the manufactur ing sector.  However,  the socioeconomic signi f icance of the
Chesapeake Bay l ies not in economic comparisons but rather i l r  the arears dist inct iveness. The
fishing industry, the waterman, the waterfowl hunting activity, anij the snall rural communities
exist ing on the Bay's resources represent a unique culture and tradi t ion that enhance the diver-
si ty of l , laryland and Virginia.  And the benef i t  of  such t i iversi ty may wel l  be impossible to
measure.
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4. IIAIIITENANCE OF THE REACTOR IN SAFE CONDITION
:

.  t . , ,
4.1 OBJECTIVES A}ID ACTIONS

The objectives of maintaining the Tt{I-2 reactor in a safe condition can be summarized as: achieve-
ment of a thermally stable primary system in which the decay heat from fission products is contin-
ually being removed; maintenance of subcriticality of the reactor core; and confinement of the
nadioact iv i ty within the reactor bui lding.

recirculation was used to remove the decay heat from theBeginning in late Apri l  1979, natural
reactor ccre to steam generatorrrAr', where subsequent cooling by the secondary water transferred
the heat to the atmosphere. Throughout most of 1980, the natural recirculation was periodic as
the decay heat level decreased. A new forced-circulatjon system, the mini-decay-heat-removal
system, uas proposed by !4et-Ed for use in placing the reactor under a long-term cooling mode in,
which temperatures can be more effectively controlled. This system has been installed, but is
now retained as an addit ional avai lable system. Since January 5,1981, the reactor has been
cooled by a loss-to-ambient cooling mode which has been shown to be adequate to coo1 the reactor
at its present decay heat rate. This cooling mode transfers the decay heat'directly to the
reactor building atmosphere from the reactor system through natural heat loss.

Subcri t ical i ty of  the reactor is being ensured by the maintenance of suff ic ient boron in solut ion
in the reactor primary coolant. The one operable source range neutron detector is used to monj-
tor subcri t ical i ty.  A smal l  amount of control  rod mater ial  is bel jeved to have melted during the
accident. The shutdown margin available at Tl{I-2 is estimated to be about 15% 6k/k.*

The potential for recriticality under various hypothetical circumstances has been examined inde-
pendently by several groups. Based on these analysesl-s it can be concluded that with 3500 ppm
of boron in the pr imany coolant,  the reactor can be maintained in a subcri t ical  state even in the
total absence of other control materials. The most probable (although very unlikely) cause of
recr i t ical i ty was found to be boron di lut ion, which would be a slow enough process that any
approach to criticality can be detected and remedied.

4.2 I,ONITORING OF REACTOR AND REACTOR BUILDING

The reactor and the reactor building are being monjtored by instruments measuring the reactor and
bui lding temperature and pressure and the water level in the sump inside the bui lding. As of
December 1980, f ive entr ies had been made into the reactor bui lding. Radiat ion leve1 readings,
equipment inspections, and some repain work have been performed. The chemical analysis of the
reactor coolant yJater continues to be checked weekly, and an inventory balance on the reactor
coolant water is currently performed every four hours. One instrument channel is stil l functional
for monitor ing the low neutron f lux level and the l icensee' is working on making a redundant
instrument operat iona1,.  In-core thermocouples, hot- leg and cold- leg resistance temperature
devices, and pressure gauges are available to monitor temperature and pressure inside the reactor
coolant system.

4.3 DECAY HEAT REMOVAL

The term "decay heat" refers to thermal energy generated by radioactive fission products and
other jn-cgre materials after the shutdown of a reactor. The decay heat power of the TMI-2
reactor at ' the t ime i t  was f i rst  shut down a few seconds after 4:00-a.m. on March 28, 1979, was
150,000 kW. By January 31, 1980, it had decayed to 200 kl.J and continued to diminish to about
43 kW by February 1, 1981.

*This means that there are approximately 15% t.oo few neutrons to sustain nuclear chain react ion
at a constant rate (see Ref. 1).
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4.3;1 Deq-ay-tleat-Removal l4echanisms Emp'loved Si4ce the Accide4t

From thelonset of the accident until 8:00 p.m. ilarch 28, 1979, when reactor coolant pump 1A was
i.ii[a"t"O, hiat removal from the reactor bore was inad'equate and was effected-primarily by
""ieir"r 6f primary Hater to the reactor buildlng through t_he pre-s-surizer re'lief valve that was
ituil open. 

-gCtwein 
8:00- p.m- on ]larch 28,-1979; and. A-pri' l 27, 1979, 4.".-Y-h9*l1l^""ToYid,

through steam generator rtA'i by forced circu'lation with a reactor coolant pump (see f-lg. I-.r).
ii im-iprii Z, 

-tdZg, 
ttrrougtr december 1980, decay heat was removed by natural convection circula-

Liil;i the-primary water [hrough steam genenatoi "A" in a steaming mode._ Since January 5, 1981'
the. reactor has beLn cooled by Feat loss-from the reactor coo'lant iy9tgm loops-and neactor vessel
to the reactor buitding air , ; i th the bui lding air  cooled by the bui lding cool ing system.

4.3.2 Available Decay-Heat-Removal Systems

There are several methods by which decay heat can be removed. Four of the preferre-d mo9^e: are

tij tfre. loss to amUient coo-ling mode, (2) the ltl ini-Decay-Heat-Removal Systern (itDHRs),..(3) the
ionn:;;*-rr[u !1.1;' generator c-ooling'syslgm, and (4) steaming throug!.steam_generator "A". 

l]l
,. foui methods have be-en approved Uy itre-NRC ind are available to li let-Ed as alternative means by
'which decay heat renoval'inay be eifected. In addition to the above methods, the normal decay

heat removil system is also available if needed.

4.3.2.1 Long-Term "B'r Steam Generator Cooling Systenr

Following the accident, provisions .were made for long-term decay heat- removal through steam
qenerato;rrB,r. Additiohai pumps, piping, and heat exchangers were added to the steam genera-
for ,'B" system to facilitate hdat ienioval for indefinite periods of time.

4.3.2.2 llini-D'-cay-Heat-Removal System

The IIDHRS has been installed as an additional method of transfeming decay heat from the fuel jn

the reactor system to the nuclear service water system.l It also may be.used during defu-eling
operaiions wh6n the reactor coolant system wi'll n-ot be configured to maintain forced cooling.
ifie iistem incfu6es two pumps and two-heat exchangers, arranged in a_manner that wi1-l permit
indep6nOent operaiion and tireneby provide redundanl decay heat remova-l cap,ability.. Each heat
eiiningir has' the capability to ierirove the total_ dec_a-y helt. Two of the valves that connect the
reactor coolant svJi,im to tfr" IIDHRS (see Sec. 2.1.1.2i h\ve bee-n_opened. .The remaining- isolation
valves are closed and will be opened just before the system will be used. The MDHRS is opera-
t ional and is avai lable for use i f  needed.

4.g.2.3 Loss-to-Ambient Cool ing l ' lode

0n l{ovemben 5, 1980, a test of the loss-to-ambient coo'ling mode..for controlling temperatures jn

the reactor was iniiiated. The turbine bypass valve from the "A" steam gene_rator to the con-
densen was closed, isolat ing the reactor dool ing system from al l  act ive cool ing modes..-  T.he
reactor was thenlooled by fieat losses from thelyitem to the air inside the reactor building.
The test vJas terminated aiter a month on December9, 1980; the core-and reactor cooling system
ifip""itu""i nao inireised by about 10oF, The technic_al specificat_j-ons were then modified to
reCbgnize loss-to-ambient ai an acceptable means for long'term cooling of the reactor core.

The loss-to-ambient eooling mode was further tested during Dec_ember 1980. 0perati.ng procedures
were then prepar;|, ind lois-to-ambient cooling was_ subsequen.t_'l.y adopted as the primary.m-ean-s by
which the i.eatto" io"" nould be cooled, with the long-term "8" 

_steam generator and mDHRs also
ir i i i "ui"  as al terni t ive cool ing modes. '  s ince January 5, 1981, loss-to-ambient cool ing has been
in effect.

4.3.2.4 Steaming to Steam Generator A

Since January 5, 1981, this mode has br:en discontinued as--t-he_ pri1{y mode for core cooling;

however, retirn'to-in-is metnoa of decay heat removal is stil l feasible and acceptable to the NRC.

4.3.2.5 DecaY Heat Removal SYstem

The Decay Heat Removal ($HR) System hars not been used during the. postacc_ident perio{r.lu-t is
,iifi an avai'lable mode of cooiing. Tlhe MDHRS was designed to take the place of the DHR System
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4:4  EFFとUENTS AND RELEASES TO THE ENVIRONMENT        ‐|                                       ‐

4 . 4 . l  N o r m a l  R e l e a s e s       l

4!4.1.l  GaS● ●us Releases

nts were met.
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4.4.1.2  Routine Operational Liquid Wastes

主

TMI Unit  2 is simi lar to other commercial  nuclear power plants_ i -n t-hat reactor support  faci l i -
+i^ -  *ha  r r rw i l i rn r r  rn r t  f r ro l  h :nd l ino  hr r i ld ino-  have soec ia ' l  f loor  d fa in  sys tems to  co l le lties, e.g., the auxlliary and fuel handling building, havこ  special floor drain sys to col  lects 'sJ'  E'v '  '  v"v -* ' ; ; ' ; " ' . " ; i lJ. i t i , i "  

thele faci l i -*es. These drain systems do not col lect TMImisce ' l laneous l iqu i
; i i i i i .n i-*-1"" ' ,  -1is-dJf in"a 

in Sect ion L.6.2.1) but receive ini t ia l ' ly nonradioact ive water,  such

";;-;iu;; wlt"r inteafige, that becomes contaminated by radioactive materjal thgt i-s present-in

Li  O"i io lngs, rni i  ivFe'of l iquid radwaste' is commonly referred to as'rRout ine-Operat ion91 -
Liqutd Wastes.8(ROLW).  As a result of cleanup efforts, the volume and radicactivity content of
京古世常

口
:t補iiじ干s占鮮品ilぷせるこ冨邑モ

'SfVと
古ヽ手品∬fyしる`こ卜Sモ;嘔布。岳こ1革二Pこここri~TRI:5hi立中fferqnCe「s

R0Lt{ at TilI is now similar to that of a normally operating power reacto-r' . lhe onl} o-lrr€F€nce -I,
; i l i  ih"  source of  i r re re lat ive ly  low levels of  radioact ive contaminat ion in  the dra in system is

i i i"-r,lirin 2g, Lg7g, accident, ai opposed to fuel 
' leakage and activated corrosion pro_ducts at

nnnnal lv onanat- ino Dower olants.  i iUte +.1 is a summaiy of the expected sources, volumes an(normal lY oPerat ing Power Plants.normal ly operat lng power planEs
curie content of untreated RoLH.

.1 is a summaiy of the expected sources'  volumes and

To date, there has been only a l imited amount of R0Ll{  generated at TMI Unit  2.  The ini t ja l  AFHB

;idilt '*iter nas ueen proiessed as accident water beiause of jts concentration of rad'ioactive
materiils. Between piritt 28, Lg7g, and september 1980, R0LW from the contaminated dnain tanks

G;; i;6i" +.t) was trinsferred to ihe Unit'1 EPICOR I radwast"e system for processilg. aqO rottine
iii.tirg".. l 'n SeptLmU"" 1990, the Unil; 1 EPIC0R I system was disconnected from Unit 2. As a
reiui i , -at l  RgLW i i  present ly being col ' lscted and stored in Un1t 2.

It is expected that as cleanup operations progress, the amount_of R0LW-generated will approach

in .  i rou i ts  l i s ted- ln - tau te  + . r . '  t t r i s  was ie  w i l l  be  t rea ted  in  a  typ ica l  rad ioac t ive  f iqu id -

wiste treatment system simi ' lar to that found-in any power reactor.  For-planning purposes,. i t  is

;;;fi"d itrai an i-on exchange system consisting of pbrticulate filters followed by two deminer-
iiir6"-oiui-in series wiii 1" dmployed. Based-on pist performance of such syste.ms, .i.t is. elP.ec-
ied-that the system Oeconiaminat ion-fact,or wi l l  be'at ldast 1000 for iso_topes other than tr i t ium.
iritium wil' l iot ue removeo by the syst€:m. The radioactivity content_of the treated water would
be less than that at  a norma' l iy operi t inrg nuclear power plant and is l isted' in Table 4.2. I t  is
"nt i i ip"t"o that this treated water wi l l  be dischirged after sampl ing and analysis to assure

compliance with al l  regulatory cr i ter ia.

・ |■_十■,■工二二五二上二ニユ土ゑ圭土と土と込圭基≧と畠あとと島畠義逃益れ占亀姦畜澄
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Tabl● 4.■.  ROutFn色 0,さrattonal LttqutO waste SCtrces

Source

Average
Radioacti vity
Concentration

(uCi/mL)'

Estimated
Vol ume

(gallons per day)

AFHB Floor Drains
.River Hater Leakage from Pump Seals
.Air  Condit ioning Condensat ion
.CIosed (non-radioact ive) Cool ing Water
System Leakage

.Demineral ized Water (non-radioactive)
Fl ush lJater

AFHB Contaminated Drain Tank
.Personnel Showers
.Secondary Plant Sampling
.Chemistry Laboratory Drains

.  ( low- leve l ,  e .9 . ,  g lassware  wash ing)" '  . Instrument Repair  & Cal ibrat ion Shop

Service/Personnei Access Faci I ityb
.Chemistry Laboratory Drains
.Personnel Showers
.Air  Condit ioning Condensat ion
.Demineral  ized Water (non-radioact ive)
Flush Hater

10_2

10_4

100

50

10_4 100

alncludes an estimated average
remainder has an approximate
and Sr-90 (2fl).

bProposed faci l i ty.

t r i t ium concentrat ion of
i so top ic  d is t r ibu t ion  o f

l x 10_4 Pci/mL.  The
Cs-137 (89%), CS‐134 (g%)

Table 4.2. Release to the Susquehanna River
of Treated Rout ine 0perat ional Liquids

Radionucl ide

Amount of

Release

(CS)

Average

Concentration
Prlor to Discharge

(HCi/mL)

Average

:景t:♀|13aRi9岩ra
(PCS/mL)

Li censee '  s
Lower Limit  of

Detecti on
(pCi/mL)

H-3

Cs‐134

Cs…137

Sr-90

10_2

10_4

10_3

10_5

9 ×

4 X

4 ×

9 X

10_5

10_7

10_6

10_8

10_8

10。10

10'9

10-1■

3 ×

l X

l X

3 X

3 ×

1 ×

l X

3 X

3 × 10-7

6 × 10-9

6 X 10-9

1 × 10-9

aBased on d村
丹utギon factor of 3400 fnom service water discharge.

二!==主主主二二|こ墓墨主題墨重基轟墓轟垂墨墨轟題墨釜轟塞釜曇覇護基義義義轟蓋襲題



4,5
, モ|

:|:11:lil‖!キ!!:畿i:!:躙 キiii‖ll:P3と予をi!l普i!!:iキ
::ICit景とi:18:;七:1首、景廿予::p早‖景|‖:‐8fy':11:t晋]':♀

・

ri ye■r.  These should be disposlSlat a loW‐lev11
radioattivli waStl ldiSpos11 6月,|.   ‐                                                          ‐

‐    !    i       1             1                                                                 ‐

4.412: Accttdent Scenar 6ヽs and AssOciated Releases          !

There are two broad categories of core-related accidents that could result in the release of
additional radioactive fission products from the damaged fuel in the reactor core. The first is
sufficient overheating or mechanical damage (fracturing) to lead to the escape of some of the
radioact ive f ission products st i l l  held within the core. Most of the remaining f ission products
are stil l trapped within the fuel particles in the core and would require very high temperatures
(on the order of: those reached during the or iginal  accident) to be released from the fuel .
However, there may be small pockets of more readi'ly released fission products (e.9. Kr-85 in a
small gas bubble) that could be released by mechanica'l damage. The second broad category of
core-related accidents is an inadvertent restart of the reactor with the associated generation of
new f ission products and heat.  This lat ter category is refemed to as a recr i t ical i ty accident.
Recri t ical i ty and accidents related to overheat ing of the whole core are discussed in the sec-
t ions that fol low.

In addit ion, the staff  has considered the leakage of the sump water from the reactor bui lding
through the ground and into the r iver.  This accident is also discussed.

4 .4 .2 .1  Recr i t i ca l  i t y

Some neutrons, from extraneous sources and the spontaneous fission of uranium, are present in the
core even when the reactor is shut down. These neutrons do cause some uranjum atoms to fission;
however, the rate of fission when the reactor is shut down is minute. For the reactor to restart
(recr i t ical i ty) ,  the rate at which new neutrons are suppl ied by f ission must be greater than the
rate at which they are removed by capture in the core or by leakage from the core and capture in
the mater ial  surrounding the core. Thus, to keep the reactor shut down (subcri t ical) ,  j t  istne mater lar surrounorng
necessary to ensure a hinecessary to ensure a high neutron-removal rate. Prjor to the accident the neutron-removal rate
was control'led by adjusting the concentration of boric acid in the reactor coolant and by adjust'{as control'led by adjusting the concentration of boric acid in the reactor coolant and by adjust-
ing the posit ion of the si lver- indium-cadmium control  rods (both boric acjd and the control  rod
matlrtal are strong neutron absorbers).  In addition, fixed alumina‐ boron carbide (A1203‐ B4C)

absorber rods a130 Were used to adjust the local neutron―removal rate.

Trace amounts of silver, indium, and cadmium have been detected in a prttmary coolant sample by

laboratory analysis,5 suggesting that some of the r● actor control ,ods have been damaged because

of melting.  PrecSse information on their condition is not av31lable.  It has been specu]ated

i を: 1 鞘 : 鮒 認 e 捕 更記 器 品 推 。‖i l 祥l e : 盟 1 首練 品 酷 . 甘
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b1lity that boron from the boric acid in the coolant might have precipitated in the core when
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critical condttion without additional boric acid.  Therefore, to ensure subcriticality, the

amount of bortc acid in the reactor coolant has been increased to about 3850 ppm and a new lower

l mヽit of 3500 ppm has been establlshed.  There is agreement in numerous criticallty analy‐

sesl_5,7,8  that the core would remain subcritical with a boric acid concentration of 3500 ppm in

any physically possible geometry even Sf all the fixed and movable absorber rods were removed.

To ensure that the reactor remains subcritical throughout the decontamination program, it will be

林ず灘1瑞ゴ背珊甜喝譜乳路耐欄躙播脳舗貫縄拠革跳糾7100 ppm at 59。 F, the possキ bility Of bOrヽ c acid p

tion in temperature can be ruled out altogether.  Other means (such as chemica]reactions or pH
effects)by WhiCh boron concentration inside the primary system would be compromised are addressed

ln Reference 3; for example, large amounts of strong acSd would have to be added before signifl―
cant decreases in soluble boron conc13ntration were observed.  However, there are no foreseeable
circumstances under which these conditions wou]d occur.
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The only concern indicated by the studies regarding recr i t ical i ty in the TMI-2 si tuat ion !s t le
introduit ion of,  waten to the reactor,core with a boron level ofmuch less than 3500 ppm.3'4'8
Calculations supported by expenimental data from the tJestinghouse Reactor Evaluation Center have
shown that the introduction of 1000 ppm borated water in the outer region of the 2.95-percent-
enriched square array of the fuel  assemblies could result  in recr i t ical i ty.a 0r iginal  undamaged
core geometry has been assumed in those calculations. Lack of information on the current state
of. the core makes i t  di f f icul t  to accurately calculate the cr i t ical  boron concentrat ion. Calcu-
lations do show, howeven, that the introduit-ion of underborated water could result in the core
becoming cr i t ical

The TllI-2 reactor was designed with the intention of using boric acid as a means to control
react iv i ty (neutron balance in the core).  Thus, prevent ion of a boron di lut ion accident was
incorporated in the design thnough limiting the sources of pure water and the rate at which it
could be added to the reactor coolant system. Although very unlikely, if a boron dilution event
vere-to Gccur, several methods of detection are available to alert the operators so that the
di lute water source could be terminated pr ior to core cr j t ical i ty.  Theie methods include:
excore nuclear instrumentation, periodic boron analysis of reactor coolant water, and pressure
and temperature readings of the reactor coolant system. In addit'ion, boric acid is normally used
as a neutron absorber in the fuel transfer canal and the spent fuel storage pool. tlhile the
present boric acid levels are much higher than normal and the geometry of the core is not known,
the basic approach of using boric acid to ensure shutdown is both a sound and normal practice.
Control of the chemistry of the reactor coolant system and all sources of other waten added to or
mixed with the reactor coolant dur ing the c ' leanup wi l l  prevent a di lut ion accident.

Ini t iat ion of a boron di lut ion event in the current reactor system is very unl ikely.  The standby
pressure control system (SPCS), which is currently connected to the reactor coolant system to
maintain RCS pressure and provide makeup water,  is ful ly borated and sampled weekly for boron
concentration. Boron concentration is maintained between 3000 and 4500 ppm. SPCS tank levels
are monitored every four hours to determine the quantity of yJater injected to calculate a reactor
coolant system leak rate (which is current ly less than 0.1 gpm at about 100 psig reactor coolant
system pressure). 0ther pumping systems connected to the RCS, such as makeup or decay heat
removal systems, were previously borated or will be borated prior to startup so that system
activation Hou'ld not add deborated water to the RCS. A closed valved connection from the demin-
eral ized water system to the makeup pump suct ion does exist  but is located in a high-radiat ion
area to which access is administrat ively control led. In addit ion, the power supply breakers to
the makeup pumps are danger-tagged open to prevent inadvertent pump operation. Even if a pres-
surized demineralized water source were introduced to the reactor coolant system in its current
conf igurat ion ( i .e. ,  f i l led sol id wjth water),  an increase in reactor coolant system pressure
indicat ion should alert  the operator to terminate the source.

The present core inventory of radioact jve f ission products is very low. In fact,  i t  is many
orders of magnitude less than the inventory of the reactor dur ing normal operat ion, which is used
as a basis in hypothet ical  accident studies and for wh' ich publ ic safety is assured. Most of the
f ission products produced in a recr i t ica' l i ty accident would be extremely short- l ived, i .e. ,  they
would decay away very rapidly. For example, the total amount of curies released to the atmo-
sphene in the March 28, 1979, accident was greater than the total  f ission product inventory-that
would be in the curnent core ten hours after a hypothet ical  severe recr i t ical i ty t ransient.6 The
reactor bui lding is specif ical ly designed to contain f ission product ' inventor ies that are orders
of magnitude greater than the cument core inventory at containment pressures far greater than
those which would exist  dur ing defuel ing. Nevertheless, protect ion of working personnel dictates
that al l  safeguards be taken to preclude recr i t ical i ty.

4 .4 .2 .2  Core  Coo l ing  Fa i lu res

Since the accident, electric power for equipment used to remove decay heat from the core has been
provided by circui ts from offs i te transmission networks and onsite power suppl ies. A 13.2-kV
circui t  f rom the Middletown junct ion substat ion and two redundant diesel generators were instal led
to increase rel iabi l i ty of  power suppl ied to the TMI-2 system. In March 1980, Met-Ed proposed to
the NRC to reconfigure the power system such that the two diesel generators and the 13.2-kV
transmission l ine grould be replaced by 1;he exist ing 230-kV gr id system. Thjs system has now been
approved by NRC and has been put into etlfect. Three separate, redundant, and independent sets of
combust ion turbjnes located in three geographical  locat ions would be used to supp' ly the gr id.
Consequently, the probabi'l ity of compl('te loss of power needed to sustajn decay heat removal
operat ions is extremely smal l .
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An:accident scenario involving a leak in the reactor vessel which 
'leads 

to uncovering and over-
heat ing of the core is.discusled in Sect ion 1!.4.  At the present decay heat levels,_apPle t ime
is 6y6l1"61e to take correct ive act ion i f  such a condit ion develops. In addit ion, Hith_the low
heat-generation rate and low system pressure, it would-not be difficult to prov_ide.sufficient
wbter-to prevent overheating. 

-However, 
if ovlrheating is assumed to occur and all the remaining_ :

Kr-85 and'cesium were releaied to the ieactor building, the total activity from this hypothetical :
release would be about the same as the activity inside the reactor building prior to purgirlg. l
Given the long time available to take corrective actions (many hours to several d"y!), the reactor
building, if occupied at the time, could be evacuated and isolated before any significant re.lease
from the core had occurred.

4.4.2.3 Leakage of Reactor Bui lding Sump Water

The largest amount of contaminated waten current ly on the si te is the 700,000 gal lons of water. in
the bot{om of the reactor building. This water cbntains an estimated 500,000 Ci of radionuclides.
It is ppstulated that if this water should leak through the steel-lined concrete base of the
reactoi building, it would ultimately reach the Susquehanna River. As discussed below, such. an
accidental  relei ie is considered highly unl ikely.  A detai1ed discussion is also Provided in
Appendix V.

The reactor building is constructed to prevent water in the sump fnom leaking to the-envjronment.
The reactor building was designed and flbricated to withstand an internal pressure-of 60 psig and
to withstand majon larthquake!. The foundation mat for the reactor building is 1lt ft thick and
rests on bedrock. The r iactor bui lding has a carbon steel l iner,  3/8 inch thick on the sides,
1/2-inch-thick dome, and 1/4-inch-thick base. A concrete slab 2 ft thick was poured above the
base l iner plate. ihe exposed face of the l iner is coated with a pr ime and f inish coat of pheno-
line 368. An additional ieakage bamier is provided by a 40-mil-thick PVC wasteproofing membrane
which is installed over the outer surfaces of the foundation mat.

In the unlikely event that water from the neactor building sump should leak throu-gh -these-bar-
riers, several methods for early detection and control of this leakage,are available. 0nr,
indici t ion of leakage would be atecrease in the sump water 1eve1, which is monitored da-i ly.  -The
detect ion of radioact iv i ty in the tendon gal lery and i ts sump would also be an indicat ion of a
leak. The tendon gal lery is located outside the steel l iner but in the perimeter of the founda-
t ion base mat.  Delect ion of radioact iv i ty in the si te monitor ing wel ls (see Sec. 11) would also
indicate leakage from the reactor building sump. A final indication of leakage vrould b€ _through
the detect ion of radioact iv i ty in the Susquehanna River from the l icenseesr environmental  moni-
toring program and at the waier intakes from the City of Lancaster through its radiological
monitoning program.

Leakage from the reactor building sump could be controlled by any o[ severa] measures. Upon
detecf ing a leak from the reactor bui lding sump, the remaining water. in the sump could be pumped
into var lous avai lable storage tanks in accordance with the l icensee's exjst ing cont ingency plan
for this action. Another method for controlling such leakage would be to pump the contam'inated
water out of the monitoring we'lls which are located around the reactor building. A further
method for control l ing the release of act iv i ty from this postulated' leakage would be the instal-
lation of a grout curiain between the reacton building and the Susquehanna River.

For the purposes of ana'lyzing t,-e transporb of Sr-90 and Cs-137 from a reactor building sump
Ieak, i t  is 'conservat ively assumed that the water is released into the ground over an area the
size of the ent ire base of the reactor bui lding. Such a postulated release could drain only that
Dort ion of the contaminated water that l ies above the water table. To simpl i fy the calculat ion,
this volume (470,000 gal lons) is assumed to enter the groundwater instantaneously.  For tr i t ium,
whose analysis depends on a somewhat di f ferent set of  phenomena, the ent jre 470,000 gal lons was
conservat i ie ly asiumed to be released instantaneously from a point at  the center of the bu' i ' ld ing.x

l{ater containing tritiunr would begin entering the river after a minimum of 350 days and continue
for about 130 daYs.

tThe rapid rates of release from the containment are, of  course, highly-unreal ist ic but were
chosen for computat ional expediency. I f  n,r  considerat ion is given to interdict ion, the
result ing concentrat ions would be fair ly i insensjt ive to,  the rate of release to the ground.
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Aften the initial holdup in the ground, the wave fnont of the Sr-90 and Cs-137 would reach the
river 'in 23 years and 284 years inr.l would continue to enter the river over periods of about 8.5
and 140 years, nespectively. 8y the time the Sr-90 reached the river, radioactive decay wou'ld
have reduced the total available activity to 2550 Ci. When the Cs-137 reaches the river, its
total activity will have decayed to 415 Ci. The maximum annual average concentration during a
given year would be close to the peak concentrations for these two nuclides.

The release of Sr-90 and Gs-137 to the Susquehanna River would cont inue over a long period i f
lef t 'unchecked. Since doses are usual ly calculated over a period of at  least one year,  the
logical  choice of a stream f low would be the recipnocal mean f low of 12,600 cubic reet per second
(the derivat ion of this value is discussed in Sect ion 3.4.1).  Al l  downstrearn dr inking water
users on the Susquehanna River are located far enough downstream that total mixing of the efflu-
ent across the channel would be expected. Travel time to downstream users would be negligible
compared to that of the groundwater pathway. The peak radionuclide concentrations in the
Susquehanna River, based on the annual average flow, would be 4.05 x 10-8 pCilmL for Sr-90,
5.1. x 10-10 pCi/mL for Cs-137, and 5.2 x f :0 '7 pCi/ml for t r i t ium. Furthermore, the peaks of
these three radionucl ides would occur at di f ferent t imes because of sorpt ion. l4aximum permissible
concentrations (l.lPC) for unrestricted drinking water from 10 CFR Part 20 are 3 x 10-? pCi/mL for
Sr-90, 2 x 10-5 UCi/mL for Cs-137, and 3 x 10-3 pCi/ml for t r i t ium. The calculated r iver concen-
trations are thus orders of magnitude below MPe.

4.5 ENVIRONT,IENTAL IMPACTS

4.5.1 0ccupat ional Doses

During the decontaminat ion of the reactor bui lding and pr imary cool ing system, equipment vi tal  to
monitoring and contnol of the reactor nay be serviced and repaired. Tasks such as the repair of
the malfunct ioning low neutron f1ux level instrument channel and servicing of the bui lding fan
coolers wi l l  result  in substant ial  doses to workers. The detai ls of  these tasks and their  asso-
cr 'ated occupat ional doses are discussed in later sect ions. Only those tasks that are direct ly
related to monitoring the condition of the reactor and its attendant systems will be addressed jn
th is  sec t ion .

The operat ions associated with the maintenance of the reactor in safe condit ion have included
monitoring the primary system for boron concentnation, water chemistry, temperature, and pres-
sure; monitor ing of the neutron level in the core; and monitor ing of the temperature and pressure
in the reactor bui lding. The temperature, pressure, and neutron-leve1 readings can be made from
the reactor control roon. To measure the boron level and water chemistry, weekly samples of the
primary coolant have been taken and analyzed.

The radiat ion levels in the reactor control  room are essent ial ly at  background levels,  and per-
sonnel in the control  room would not be expected to incur an occupat ional dose. In sampl ing and
analyzing the primary coolant, the occupational dose has been about 20 to 30 mrem per samp'le.

For purposes of ca' lculat ing occupat ional dose, i t  is assumed that only one person carr ies out the
sampling and analyzing of the primary system water and that the sampling frequency is once per
week. Using the higher dose of 30 mrem per samp' le,  the dose in 13 weeks (one quarter) would be
390 mrem.

The maintenance act iv i t ies would be needed unt i l  the pnimary system is defueled. This is est i -
mated to take three to f ive years. Assuming the longer t ime of f ive years, an accumulat ive
occupational dose of about I person-rem can be expected. The added probability that the indi-
vidual worker would die of cancer from this dose would be I  in 950. The probabi l i ty of  an addi-
t ional genet ic effect in the offspr ing of the worker would be 1 in 480.

The operation of a liquid radwaste treatment, system for routine operational liquid wastes (R0t-W)
wi l l  result  in some s' l ight increase in occupat ional doses. Based on past experience with simi lar
systems at both Tl , l I  and other locat ions, i t ,  is est imated that this dose wi l l  be signi f icant ly
less than one (1) man-rem per year.

4 .5 .2  0 f fs i te  Doses

The dose est imates presented here for  mainta in ing the reactor  in  a safe condi t ion are based on
Kr-85 source terms descr ibed in Sect ion 4.4.L.  0n the basis  of  h is tor ica l  data deser ibed in that
sect ion,  re leases of  Kr-85 are assumed to be made at  the level  of  67 Ci lmonth,  which is  equivalent
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to an annual level of approximately 800 Cilyear. The estimate of total-body dose to the maxi-
mal ly exposed individual of fs i te due to rel lase of r .his amount of Kr-85 is Lxpected to be less
than 10-3 mrem. The SO-mile total-body population dose for this realease is estimated to be
3 x 10-2 person-rems. These individuais 'and populat ion doses are based on the external exposure
pathway. -Lung doses are expected to be higher than total-body doses by approximately a factor of
3' and skin doses are expected to be higher by a factor of about 80 over iotal.body doses.

The dose estinnates from the release of treated routine operational liquid wastes are based upon
the source terms discussed in Sect ion 4.4.I .2.  The calculat ional models used to make these
est imates and the interpretat ion of their  results are descr ibed in Appendix !1.  The dose est i -
mates to the maximally exposed individual are 0.0015 mrem per year totit foOy dose and 0.002 mrem
per year bone and liver dose. The downstream total body population dose is estimated to be less
than 0.02 man-rem per year.

4.5.3 Postulated Accident Effects

l{o accident having irmedjate offsite consequences has been postulated. However, if a recrit-
ical i ty accident were to occur,  c leanup of the result ing contaminat ion would be necessary. This
cleanup effort  would probably cause effects simi lar,  al thnugh smal ler,  to those est imated in the
remainden of this PEIS.

4.5.4 Psychological-Socioeconomic Effects

i la intenance of the reactor in a safe shutdown condit ion wi l l  cont inue unt i l  the pr imary system is
defueled. The staff  est imates the period of this maintenance to be from three to f ive years.
For the major i ty of people in the community,  maintenance of the reactor in a safe condit ion wi l l
be understood to be an essent ial  procedure in the process of decontam'inat ing Unit  2,  and wi l l  not
exacerbate exist ing anxiety levels.  Some members of the community may bel ieve that the possibi l -
i ty of  accidents involving offs i te releases wi l l  increase with any delay of c leanup. Fon others,
the long durat ion of this required maintenance wi l l  lead to the conclusion that maintenance wj l l
actual ly be long-term waste disposal on the si te.  In ei ther case, the length of the maintenance
period is expected to increase the probabi l i ty of  chronic anxiety.  The stt f f  is unable to ascr ibe
any othen result ing socioeconomic impacts to maintenance procedures.

The release of t reated rout ine operat ional l iquids from TMI Unit .2 may result  in increased anxiety
among menbers of the publ ic who ut i l ize downstream vrater.  The impact may be ins' igni f icant i f  the
publ ic understands that the tneatment and control led discharge of these wastes is rout ine ab a
normal ly operat ing nuclear power reactor,  e.g.,  Peach Bottom. The impacts may be greater i f' large 

segments of the publ ic erroneously bel ieves that the discharge is a release of accident
water.  The psychological-socioeconomic effects of release of processed accident water are
d iscussed in  Sec t ion  7 .2 .5 .5 .

Reactor core accidents hypothesized by the staff  fal l  into two broad categories: (1) ovci .heat ing
or mechanical  damage leading to an escape of radioact ive f ission products present ly in the core,
and (2) the inadvertent restart  of  the reactor with the associated generat ion of new f ission
products and heat.  In both instances, the physical  ef fects would be l imited to the reactor
bui lding and would not impact offs i te areas or populat ion. Accidents during the maintenance
period, al though not direct ly affect ing the publ ic,  would nonetheless conf irm for a segment of
the community the inabi l i ty of  Met-Ed and the NRC to manage the technical  process of Cleanup.
This percept ion had previously been ident i f ied in postaccident studies as being an important
cause of stress, therefore, any accident would I ike' ly lead to a measurable increase in community
stress.
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5. BUILDII{G AND EQUIPIiIENT DECoNIMINATI0N

The inter iorsrof the auxi l iary and' fuel  handl ing bui ldings (AFHB) ar iC of the reactor bui ' ld-
ing (RB),.as wel l  as the equipment in those bui ldings, vere severely contaminated by radioact ive
material during and shortly after the accident on llarch 28, 1979. The auxiliary building con-
tains tankS; punps; piping, and other equipment used to process and store water for the reactor
and orimarv coolino svstem and to treat radioactive wastes. The fuel handlinq buildinq. *ltich iand primary cooling system and to treat
adjacent to the auxiliary building and

ve wastes.  The fuel  handl ing bui ld ing,  * l t ich is
adjacent to the auxil iary building and separated from it by a cormon wall, coirtains fuel h3ri ' l l ing
and storage:equipment. The general layout of these buildings is shown in Figures 0.1 through 0.3and storage:equipment. The general layout of these buildings is shown in Figures 0.1 through 0.i
of Appendix 0. The reactor building contains'the reactor pressure tessel (RPV), which ho1ds the
fuel elements, and the primary system (steam generators, reactor cooling pumps, pressurizer tank,
and associated equipnrent).* The building is a cylindrical srructure about 170 ft high and 140 ft
in diameter with reinforced concrete walls 4 ft thick.

The radioactive contamination in the AFHB and reactor building must be removed and disPoses of in
a safe manner in order to permit defueling and maintenance work that ma3r be needed to ensure
continued safe shutdown. In this section, the procedures for decontar'tinating the buildings are
outlined, and the effluents and releases to the environment, as wel'l as the environmental impacts
that might occur as a resu'lt of these decontamination activities, are: discussed.

The decontamination operations may be divided into two phases. The objective of the initial
phase is to reduce radiation levels to an extent that the reactor fuel can be removed. This
ini t ia l  phase is necessary regard' less of whether the faci l i t ies are decommissioned or refurbished
for reuse, and the manner in which it must be carried out is largely independent of the final
disposit ion of the faci l i t ies. In the f inal  phase, decontaminat ion operat ions wi l l  cont inue
until radiation levels are as low as reasonably achiovab'le (ALARA). The manner in which the
f inal  phase is implenerrted wi l l  depend on whether the faci l i t ies ane decommissioned or refur-
bished (see Sec. 2.1).

The target radiat ion f ie ld and surface contaminat ion levels are givelr  in Sect ions 5.1 and 5.2 for
the AFHB and reactor building, resFective'ly.

:
Decontamination of the AFHB started shortly after the accident and was about two-thirds complete
as of September 1, 1980. Decontamination activities since that t,ime have been limited due to the
l icenseers f inancial  s i tuat ion (see Sec. 1.3).  Oecontaminat ion of the reactor bui lding had not
yet started.

Precautions must be taken to protect the workers from excessive exposure to radiation and to
avoid releases of contaminat:ed material that might adversely affect the environment or endanger
public health and safety. The special clothing and breathing appa!"atus used +,o protect v{orkers
from radioactive contamination are shown in Figures 5.1 and 5.2, which ane scenes from actual
decontaminat ion operat ions in the auxi l iary bui lding. The amount of radioact ive contaminat ion
decreases with time even if nothing is done. The rate Cepends on the half-f ife of the radio-
nucl ide. For two of the commonly occurr ing radionucl ides, Cs-137 and Sr-90, this decrease is
small, less than 3 percent per year. It is somewhat greater for Cs-134, about 29 percent per
year, and quite large for Sr-89, which decreases 0.1 percent of its original amount in a period
of a year.

The sequence of decontamination operations that must be carried out may be summarized as follows.
Debris and heevy deposits, such as sludge, must be removed; then the exposed surfaces must be
cleanetl. Loose dirt can be removed by vacuuming or by hosing down the surfaces. Dirt that
adheres too firmly to be removed by these means can be removed by high-pressure water jets or by
scrubbing. l { ip ing of surfaces with special ' ly designed wipes (simi lar to household dust c loths)

*Removal of the fuel from the reactor pressure vessel (defueling) and decontamination of the
inside of the primary system are treated in Section 6.
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Figure 5.1. l . let  Mopping of TMI-12 Auxi l iary Bui lding. l , let  mopping is
one technique used ilo decontaminate portions of the
Aux i l ia ry  Bu i ld ing .  Workers  a re  shown wear ing  spec ia l
clothing and breath' ing apparatus for protect ion from
radioact ive contamit tat ion. (Off ic ial  TMI Photo)
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Figure  5 .2 .  Aux i l ia ry_Bu i ld ing  Equ ipment  C ' leanup.  In  th is  photo ,  a
worker fol lora's typical  procedures for decontaminat ing
9qu!pment and p' ip ing systems in the TMI-Z Auxi l iary 

"

Bui lding. Protect ive cloth. ing and breathing appari . rus
are worn as safety precaut ions. (Off ic. ia l  TMI photo)
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also is a cormonly used procedure. Finally, for contamination that has penetrated into the
surface, like'a stubb-orn stain, methods that remove some of the surface are necessary.

5.1 AUXILIARY AI{D FUEL HAI{DLII{G BUILDII{GS

The overall objectives of the AFHB decontamination effort are to permit access without restric-
tion because of surface or airborne contamination, reduce radiation exposure from gamma sources
to ALARA levels, and prevent recontamination from other activities or system leaks. The follow-
ing guideline3 are applied to determine whether these objectives have been satisfied:

' Smearable p + y surface contamination is less than 1000 dpm/100 cm2,1

.r ' '  Airborne contaminat ion is less than the 10 CFR Part 20 l imits for restr icted areas,2
and

. General radiation levels are at plant design values--generally 0.4 mR,/hr.

These objectives are largely determined by the need to use the equipment in the AFHB for defuel-
ing operations and are, therefore, applicable regardless of yhether the facilities are decommis-
sioned or refurbished. It is expected that they will be attained before defueling operations
begin in the reactor bui lding.

In addition to these general objectives, there also is a need to clean certain systems and items
of equipment that may be needed in the efforts to decontaminate the reactor building and the
primary coolant system. These AFHB systems and equipment include:

. Reactor bleed ho'ldup tanks and associated equipment

. Reactor coolant pump water cooling and seal water systems

. ll iscellaneous waste holdup tanks and associated equipment

. Coolant evaporator system

. Degasification system

. Fuel transfer ports and machines

. Fuel storage pool and handling cranes

. Canal cool ing and puri f icat ion systems

. Other handling equipment, such as cranes

. Make and puri f icat ion demineral izers and f i l ter.

Decontamination of the AFHB was started by May 1, 1979, and is expected to be far enough along by
the time that decontamination of the l'eactor building begins to permit use of these systems (see
Fig. 1.4). Oecontamination work is expected to continue at a reduced level of effort through the
summer of 1982.

5 . 1 . 1 i f ic Considerat ions

AFHB decontaminat ion operat ions considered in this sect jon are (1) cleaning of radioact ive mate-
rial from the interior surfaces of the building and from the surfaces of equipment, and
(2) removal of radioactive sludge deposited in tanks and pipes and in the building surrp.

5.1.1.1 Bui lding and Equipment Surfaces

Surveys of the general access areas (comidors and normally nonrestricted areas) shortly after
the accident showed radiat ion levels of 150 to 500 mR/hr in the fuel  handl ing bui lding and 50 to
5000 mR/hr in the auxi l iary bui lding. At,  certain locat ions in the general  areas (referred to as"hot spots") and in individual areas (cubicles) containing contaminated f i l ters,  deminera' l izers,

tanks, and pumps the radiation levels lvere nuch higher--hot spots up to 125 R/hr wene measured in
the access area of the auxi l iary bui lding and levels exceeded 1000 R/hr in some cubic ' les, such as
the reactor coolant bleed holdup tank cubicles.3

lJhen cleanup operations began, about 510,00O ftz of surface in the AFHB required decontamjnatjon.
As of September 1, 1980, about 340,000 ft2 had been decontaminated, w'ith an expenditure of
500,000 person-hours of effort by personnel with assignments that required entry into contami-
nated areas in the AFHB. The radiation close received by these workers during this interval was
about 250 person-rem. These totals include support  personnel (e.9.,  radiat ion technicians and
maintenance and construction workers) as urell as decontamination workers.
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Tlte amount of radioactive contamination removed from the AFHB prior to September 1980, excluding
only the radionuclides in the accident water, was estimated by the licensee to be 128 Ci. The
radioactivity in some of the more highly contaminated cubicles is not known; on the basis of the
limited data available, the staff estimates that the radioactive contamination renaining in the
AFHB on September 1, 1980, consisted of less than 60 Ci in the form of plateout and deposits on
building hnd equipment surfaces and less than 9000 Ci in bhe form of sludge in the auxiliary
bui lding sunp and tanks.

0econtamination of building and equipnent surfaces initially was started in areas with low radia-
tion levels. The decontamination team left many high-radiation areas, such as the reactor cool-
ant bleed tank cubicles, until later because it is first necessary to remove the radioactive
liquids from the tanks and piping. After these tanks and pipes are flushed and the filters
changed, radiation levels are much lower and decontamination of surfaces can proceed with much
less radiation exposure to personnel.

The general access areas in the AFHB had been decontaminated by April 1980; however, some of
those areas have to be recleaned periodically because of recontamination. For example, installa-
tion of new equipnent needed for various tasks has resulted in some contaminated material being
tracked into previously decontaminated areas. In addition, leakage of barrels containing con-
taminated industrial detergent at one time was causing similar problems, but this has been cor-
rected. The movement of contamination has reqr", ed the routine monitoring of previously decon-
taminated areas and repeated decontamination of some areas. It is expected that some additional
decontaminat ion wi l l  be needed periodical ly in the general  access areas (corr idors, stairwel ls,
etc.) because of airborne dispersion and tracking by workers from areas stil l undergoing decon-
tamination. Another factor affecting decontamination efforts is the increased potential for
deve'lopment of leaks from systems that have not received routine maintenance because of contami-
nat ion. This problem wi l l  become more acute with t ime and is cont inuing to receive attent ion.

Decontamination of the cubicles in the AFHB began in February 1980 and is expected to continue
through the spring of L982; after then a reduced level of effort will be needed to maintain the
decontaminated levels. The cubicle areas tend to be more difficult to decontaminate because of
special shielding requirements and higher contamination levels. As of September 1, 1980, many of
the tanks, f i l ters,  and much of the piping in the AFHB st i l l  contained radioact ively contaminated
l iquids. As indicated in Appendix 0, of  the 57 cutr ic les requir ing decontaminat ' ion, 6 had been
completely decontaminated (except for f lu id transfer and f i l ter changes in 2 of the 5),32 had
been part ial ly decontaminated, 15 required only l ight decontaminat ion, and 6 had recejved no
decontaminat ion. The makeup and puri f icat ion demineral izer cubicles are l ikely to be the most
sevenely contaminated in the AFHB. The contamination consists primarily of radionuclides that
were deposited in the inl ine f i l ters and demineral izer resins during and immediately fol lowing
the accident. Based upon gamma surveys by the licensee, each of the two demineralizers could
contain about 2000 Ci.  Transfer of f lu ids, changing of f i l ters,  removing of ion exchange resins,
and/or f lushing of l ines st i l l  were needed in 22 of the 57 cubicles.

The completion date for decontamination of the AFHB will depend on the number of persons assigned
to the effort. This number was severely reduced during September 1980, to the point that very
l i t t le work beyond essent ial  maintenance was being done. A rel iable est imate for the complet ion
date cannot be given unt i l  steps are taken to resolve f inancial  di f f icul t ies that are (as of
January f981) limiting expenditures for decontamination work. An estimate of the work effort
that wi l l  be required to complete the AFHB decontaminat ion is given in Sect ion 5.L.3.2.

5 . 1 . 1 . 2  S l u d g e

Some of the contaminat ion in the auxi l iary bui lding is in the fonn of s ludge, which requires
special  at tent ion because of i ts bulk and high radioact iv i ty content.  The s' ludge is most ly
cement residue (from an unf inished part  of  the f loor and from f loor drains and drain piping) with
an admixture of ion-exchange resin fnom smal l  amounts of resin carr ied over during demineral ized
w-ater system f lushing operat ions pr ior to the accident.  Dui ' ing the accident,  which caused f lood-
i 'ng to a depth of absut 5 inches on the lower level of  the bui lding, a large port ion of the
sludge was washed into the 9000-gallon sunrp. From there the sludge was pumped into the sump tank
and the miscel laneous waste holdup tank (see Figs. 0.1 through 0.3, Appendix 0, for the locat jons
of these tanks).  Smal ler amounts of s ludge may be pnesent in the other tanks in the auxi l iary
bui lding, but this has not been conf irmecl by direct examinat ion. Pumps, valves, and l ines also
may contain small amounts of sludge. Ther estimated total volume of wet sludge in the tanks and
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the sump in the auxi l iary bui lding is about 150 f t3.  For sludge with a density of 1.6 g/mL.
(100 lb/fts), the total ieight of wet sludge to be removed is on the order of 15,000 pounds.x
The total radioactivity in the sludge is estrimated to be about 9000 Ci.

The sump is 14 ft wide by 24 ft long. It is 3 ft deep at one end and slopes to 4 ft deep at an
outlet at the other end. The sludge is about 2 inches deep near the outlet pipe. At the oppo-
si te (shal low) end i t  is 4 to 6 inches deep. The total  volume of s ludge in the sump is est imated
to be about 90 f t3.  Debris also are present in the sump. A 6- inch hose, a 2.5- inch f i rehose,
tie rods and a temporary sump pump have been noted.{ Radiation levels from 3 R/hr to 5 R/hr were
measured at di f ferent locat ions in the sump cubicle pr ior to January 1980. Radiat ion levels in
the sump cubicle can be contro'lled to sone extent by pumping out the contaminated water in the
sump and replacing it with processed water from which most of the contamination has been removed.
Cleanup of the sump cubicle had not been started as of January 12, 1981.

Estimates by the licensee indicate that the miscellaneous waste holdup tank corttains 10 to 15 ftg
of s'ludge. This tank is being used as a feed tank for the EPICOR II water decontamination
operat ions (see Sec. 7).  Ouring the period August 1979 to Apri l  1980, the radiat jon level near
the tank nose from about 5 R/hr to about 30 R/hr because of the accumulation of sludge as con-
taminated liquids were transferred in and out of the tank. The continuing need to use the tank
may delay its des'ludging and decontamination.

The volume of s ludge in the sump tank a' lso is qui te uncertain because the inter ior is not v is-
ible;  i t  is thought by the l icensee to be on the order of 5 to 10 f t3.  The radiat ion level at
one end of the tank is about 20 R/hr. The total sludge in the remaining tanks is estimated by
the licensee to be about 35 fts or less. These tanks include the three reactor coolant bleed
tanks (which constitute about three-quarters of the total liquid storage capacity in the auxil-
iary bui lding and probably contain about 10 f t3 of s ludge p;r  tanka),  the spent resin tank, the
concentrated waste tank, and other tanks ident i f ied in Figures 0.1 through 0.3 of Appendix 0.
Oesludging of a tank cannot begin unt i l  most of the l iquid within i t  has been processed or
removed. Liquid from reactor coolant bleed tanks A, B, and C has been processed, and f lushing
the tanks with processed water has decreased the radiation levels and removed some of the sludge.

5.L.2 llethods Used and Alternative Methods Considered

5.L.2.1 l , lethods Used for Bui lding and Equipment Surface Decomtaminat ion

Appropriate combinat ions of wel l -known methods have been used in the decontaminat ion of bui lding
and equipment surfaces in the AFHB. The fol lowing methods have seen at least l imited use, with
the f i rst  s ix used predominant ly:

.  Removal of  al ' l  nonessent ia ' l  i tems, such as wood, tools,  hoses, cords, and loose equipment.

.  Dry vacuuming of dry f loors and equipment (piping, va' lves, cable trays, etc.)  with a high
eff ic iency part iculate air  (HEPA) f i l ter on the vacuum exhaust.

- Low-pressure hot water misting and washing.

.  Using high-pressure water jets on f loors, tanks, piping, and valves.

. tJet vacuuming of industrial detergent after hand scrubbing.

l i lanual wiping with disposable towels or oi l - impregnated wipes.

Removing str ippable coat ings on f loors, wal ls,  portable shields, and other surfaces.

Electrochemical decontaminat ion of too' ls and smal l  equipment.

Freon c' leaning and Freon ul trasonic clrraning of electr ical  equipment and tools.

Concrete removal by means of pneumatic impact devices.

*The volume of dewatered sludge is smallerLhan the volume of wet sludge by a factor of about
4 to 5;  the weight  is  smal ler  by a factor  r r f  about  2.
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All of these methods, except perhaps the water jet, require the work crew to be relatively close
to the contaminat ion.  In  areas of  h igh concentrat ions of  a i rborne radioact ive par t icu lates,
personnel nust wear respiratory protector"s, such as air packs or ri l ter respirators. l{orkers
also nust  wear specia l  c loth ing for  protect ion and to contro l  the spread of  contaminat ion.

Vanious combinations of decontamination methods are selected by decontamination personnel to
minimize exposure and maximize ef fect iveness.  The decontaminat ion personnel  re ly  on exper ience
and testing to determine the best r^thod to use for each particular task.

5.L.2.2 i le thods Used and Considered for  Sludge Removal

The procedure now being used for  removing s ludge f rom tanks and p ip ing in  the AFHB star ts  wi th
replacement  of  the in let  and out le t  f i l ters,  as requi red.  The system then is  f lushed several
t imes,  and the loose s ludge remain ing in  a tank is  co l lected wi th a por table rec i rcu ' la t ing vacuum
f i l ter  systen (RVFS) wi th d isposab' le  f i ' l ter  car t r idges.  Sludge caked to the wal ls  of  tanks can
be d is ' lodged wi th a h igh-pressure water  je t  and then col lected in  the RVFS. Standpipes (dra in
pipes that extend above the bottom of the tank) may complicate the desludging effort.

The alternatives considered by the staff for repoving sludge from the AFHB sump and tanks may be
div ided into the fo l lowing categor ies:

-  Dissolve the s ludge by chernical  means so that  i t  can be removed as ' l iqu id Yraste,

-  Remove the s ' ludge by mechanical  means (scooping and scraping) ,  or

- Resuspend the sludge so that it can be removed as a slurry.

D i sso lu t i on  o f  t he  s l udge ,  wh i ch  cons i s t s  l a rge l y  o f  ca l c i um su l f a te  and  va r i ous  s i l i ca tes ,  wou ld
require st rong acids,  such as concentrated hydrochlor ic  (mur iat ic)  ac id,  that  would increase the
hazards for decontamination workers and damage the underlying surfaces and the drain hardware
wi thout  prov id ing any s igni f icant  advantages.  The process is  not  ef f jc ient  and usual ly  leaves an
int ractable res idue;  there are no pract ica l  means for  d issolv ing cement ,  the pr imary const i tuent
of  the s ludge,  on a large scale.  Dissolv ' ing the s ludge would great ly  compl icate subsequent
problems of  processing the v later  to  remove d jssolved radioact ive contaminat ion for  d isposal  as
sol id  waste.  This approach was not ,  therefore,  considered fur ther .

I f  mechanical  removal  were done by hand us ' ing shovels and scrapers,  the radiat ion exposure to the
workers would be h igher  than for  the other  a l ternat ives.  Mechanical  devices for  scooping and
scraping that  would permi t  semiremote or  remote operat ions in  rest r ic ted spaces are not ,  insofar
as the staf f  is  aware,  avai lable as standard equipment  and thus would have to be designed,  con-
st ructed,  and tested.  This design and development  ef for t  could lead to delays of  unpredictab ' le
durat ion.  0ther  methods,  such as resuspension ( inc luding hose washing) ,  are s i tnpler  and more
ef fect ive and requi re no development  work;  hence,  mechanical  removal  methods were not  considered
further.

The fo l lowing a l ternat ive methods for  renroval  of  the s ludge by resuspension have been considered:

Resuspension and removal of the sludge by means of a portable RVFS.

Resuspension by f ' lushing and/or backf lushing and entrapment of the sludge on the inl ine
f i l te rs  us ing  ex is t ing  p ip ing  and pumps.

The second resuspension a l ternat ive is  very ef fect ive for  tanks conta in ing smal l  amounts of
s ludge.  The worker  radiat ion dose that  would be incurred in  changing the in l ine f i l ters on
which the s ludge was col lected would be essent ia l ly  the same as for  the RVFS system. However,
the agi tat ion would be less than for  the f i rs t  a l ternat ive;  hence,  s ludge removal  wouid be less
ef fec{ ive.  Addi t ional ly ,  there would be a greater  l ike l ihood of  spreading the s ludge to other
par ts  of  the system. A h igh-pressure vrater  ie t  a lso could be used to loosen and remove caked
! tuOge  f rom su r faces  and ,  i f  necessa ry , ' bo  ass i s t  i n  resuspend ing  the  s ludge  when  ag i t a t ' i on  f r om
rec i i cu la t i on  o r  f r om the  vacuum sys tem j s  i nsu f f i c i en t  f o r  t h i s  pu rpose .

The water  remain ing af ter  rernoval  of  the s ludge f rom the s lurry  could e i ther  be returned to the
tanks and sump or  s tored in  some other  tank unt i l  i t  could be processed to remove d issolved
radi onuc I i des .

一襲



i             5-8                     !

51■.3  Dltとギls of Flasモ ble Hethods and FRcllltSes  .|・ | !!

5.■.3.l  Dlta1lS of Hethods じ sed i t                モ | :  |「:F      I

ApplScation of the decontamttnat村 on procedures llsted in Section 5,1.2.■  proceeds in a log:cal
sequence fro冊  rem6val of toolsi equipment, and other loose items and debris to metilods for remov―

ing loose contamttnation that does not adhere strongly to surfaces (for WhiCh spraying and washing
is effecttve), to methOds for remo↓ ing fttxed contaminat村 on that adheres to the surface sc

strongly that scrubbing or chemical solvents are needed.  Some of the methods used for deccntami―
nating surfaces in the AFHB are deSCrヽ bed be10W.  Further disCuSSiOn of decontaminattton Ⅲ ゃthOdS
gnay be found in Section 5.2.3.1.

Removal of Noness● ntギal ltems

The decontamギ nat:on crews have found tools, loose equipment, barrels, boxes, staging, cables,
hoses, wood pallets, and other mttscellaneous ttens Sn many areas.  Rather than decontaminate
these ttems in place, the crews have moved them to staging areas for cleanlng and eventtal stor―

age or dtsposal.  Scme of the items have been disposed cf as low‐ specifヽc―activity waSteo  Most

of the ftems can be handled by cleanup personnel.  Some Stems with fixed contamination have been
stored for future use in contanSnated areas.  Large pteces of equttpment may be decontamttnated in

Pl aceo  Worker exposure comes from the contaminated items when they must be moved, as well as
from the contamlnated environment.

Dry Vacuumttng of Dry Floors and Equipment

ln areas where dry dust has accumulated, dry vacuuming can be effective.  Dry vacuuming does not
work well on crusted deposltsi therefore, it tts used primarギ ly in areas where dust has not been

wetted or crusted.  The vacuuming involves the use of a specially equHpped machine wSth a HEPA
filter ヽ n the exhaust stream.  Radioactive partttcles are retained in the f1lterso  Worker expo―

sure from atrborne activSty may be ギ ncreased by the vacuumギ 「8g aCtivity even though most of the

parttcles are picked up by suction.  Dry vacuuming has been used in the AFHB Only for removttng
the normal accumulatton of dust from equipment that was above the flood line and did not, there―
fore, become contattinated during the accioent.

Low Pressure Water Washlng

Low pressure hot water mギ sting and washing is used to dissolve chemicals on the walls, floors and
components.  This method is effectivo Sn dSssolvttng dried boron deposits and controll村 ng atrborne

contaminatう on.  It ls used prior to the high pressure water jet spray.

Use of High― Pressure Water Jet

A high―pressure, low口flowおrate, water―jet spray system can be used to remove surface contami―
nants.  The system is effective and fast in removing contaminants and reducing per30nnel exPo5ure

time.  Large areas can be cleaned quickly and thoroughly.

Two water〔 jet units are ava村 lable cnsite at TMI-2 for decontaminatttng the AFHB.  One operates at

a moderate pressure of 1200 pst and the other at a high pressure of 10,000 Psi.  The wster flow
is relatively low, about 7 gpm for the 1200 psi unit.  As of January 2, ■ 981, only the moderate

pressure jet had been used for decontamlnalting the AFHB.

Use of the water jet was limited prtor to March 1980 because of restricted water usage.  It is
now being used extensively wSth water processed by EPICOR II.  Use of this processed water,

rather than addlt,orsal water Pumped into the fac1lity, has reduced the water inventory buildup

and permits extenslve use of the water jet.  Tests of the atmospherlc contamlnatlon caused by use
of processed water have been conducted with the water jet in closed quarters.  Under the worst
condltions (村 .e., With the atmosphere saturated with water vapor), the COncentration of trittum

in the attr would be below the level specSfied in 10 CFR Part 20 as the safe limit for workers.2

Wet Vacuumlng

Wet vacuuming has been the primary methoti for decontaminating areas where contaminants adhere
tlghtly to surfaces.  The method involves scrubbing with water and industrial detergents and then
wet vacuuming the resulting solutヽ on.  The wash solution is stored in barrels until it can be

solidified for disposal.  There have beerl limitations on the types of cleaning compounds used
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s ince their  ef fect on the sol idi f icat ion pnocess has not been ful ly evaluated. To date, on- ly one
cofirnercial detergent has been used. The-scrubbing is a slow and tedious process that brings
wonkers into close contact with contaminated wash solution.

ilanual ll iping

l4anual wiping, a worker-intensive technique, may be used to remove dust and accumulated contam-
inat ion thattannot be vacuumed. Disposable towels or oi l - impregnated wipes ordinari ly are used.
This technique requires yorkers to be close to contaminated areas; thus the exposure may-be
higher than-for other techniques, such as vacuuming, for a given level of  contaminat ion. l ' lanuai
wi[ing is normally used only after radiation ]eveis have been reduced by gross decontamination
using other rnethods. This method is also used for conto' i1 ing contaminat ion in areas previously
contami nated.

.*:-,
Renoving Strippable Coatings

This method involves the appl icat ion and subsequent removal of  a 'str ippable coat ing. As the
coating is removed, it takes with it the surface contamination. Strippable coatings ar€ lseful
on porlable shielding, making i t  easy to decontaminate. I t  involves close worker proximity to
coniaminat ion, but there is less l ikel ihood of the contaminat ion being spread to other surfaces'
such as clothing or gloves, than for manual wiping. Str ippable coat ings are commonly qpp' l ied to
decontaminated ireas to facilitate subsequent decontamination if recontamination should occur.

E I ectrgchem'! cel_gecan'!m'!_nati on

Electrochemical decontamination is an electropolishing pnocedure used on rnetal obiects to remove
a thin layer of the exterior surface and attached contamination. The meihod employs a tank
containing an acid solut ion and a low-voltage, high-current source. At TMI this method can be
used only-for small objects because the electrochemical decontaminatjon tank is about 3 ft by
3 ft by 2 ft deep. Small tools and parts can be cleaned in a very short time.

The phosphoric acid in the decontamination tanks is recirculated through a filter that accumu-
latei  muth of the contaminated sol ids removed from the surface. The major l imjtat ions of this
method are that the objects must be metal, they must be small, and they must be removable.

The electrochemical decontamination apparatus is set up in a facility removed from the AFHB.
Vapors from the faci l i ty are circulated through HEPA f i l ters f ,o l imit  radioact ive releases to
negl igible amounts.

Freon Cleaning and Freon Ultrasonic Cleaning

This decontaminat ion nethod involves the use of Freon, ej ther by spra;y,  brush, or ul t rasonic
bath, to clean electr ical  tools and smal1, intr icate parts.  The ul trasonic bath using Freon as a
f luid wi l l  remove most contaminants, t rut  only smal l  parts can be cleaned in this manner.  Larger
electrical components, such as motors and switchgear, can be decontaninated by spray cleaning
with Freon. Precaut ions are taken to ensure adequate vent i lat ion in order to m' inimize inhalat ion
of Freon vapor by workers. About five gallons per week in the form of vapors.are removed by the
faci l i ty vei l t i lat ion system. The Freon cleaning and u' l t rasonic Freon cleaning equipment is
located in the same faci l i ty as the electrochemical decontaminat ion,aquipment and uses the same
vent i lat ion system.

Concrete Removal

The f ' loors and wal ls in the AFHB are dense, uncoated concrete. At some locat ' ions the contami-
nated water was in contact with uncoated t:oncrete for up to a year and the contamination diffused
into the surface. Removal of  a layer of the surface was the only way to el iminate this contami-
nation. This was done by means of a pneumatic impact device. The maximum surface removal
required was 3/16 of an inch.

5 .1 .3 .2  Work  Ef fo r t  Requ i red

As of September 1, 1980, about 280,000 person-hours had been expended on AFHB decontamination by
decontaminat ion workers, i .e. ,  those workers who plan, prepare for,  and carry out the actual
decontamination work, such as operating the water jet and scrubbing and vret vacuuming.s An
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additional work effort of about.22O,OOO person-hours was expended by other workers with assign-
ments'that required entry into the contaminated areas in tlie AFHB. 

- 
These assignments included

radiat ion surveys and monitor ing by radiat ion technicians, engineering and construct ion work,
maintenance, and plant operations. The work effort by personne'l with assignments that did not
nequire entry into contaminated areas (such as cler ical  workers, planning staff ,  etc,)  is not
included. During early stages of the work, about 30 to 50 percent of the work time of workers
with assignments in the contaminated areas was spent working inside the bui lding; the remaining
t ime was spent in putt ing on and taking off  protett ive clothing and gear,  pianning, training, and
simi lar act iv i t ies. The l icensee expects, as a consequence of experience and improvements in
organizat ion, to be able to maintain a performance level of  60 percent product ive in-bui lding
woik"for cqrrent and future openations.

Decontamination work had been completed on about two-thirds of the total surface area (about
340,000 ft2 of a total of 510,000 -ftz) by September 1, 1980. The average work effort per unit
area was about 1.5 person-hours/f tz dur ing this t ime. I f  this rat io does not change during the
remainden of the decontamination effort, the total work effort for decontaminating the AFHB by
workers with assignments in the contaminated aneas wi l l  be about 750,000 person-houls.  The st i f f
estimates that 40 percent to 50 percent of this time will be spent in contaminated areas inside
the AFHB.

Some of the more di f f icul t  tasks, such as sludge renoval and decontaminat ion of the sump cubicle,
have been lef t  unt i . r  last.  The woi"k effort  per unit  area wi l l  be greater for these' tasks.
However, experience gained during the first 16 months of decontamination work should decrease the
work effort  per unjt  area required for decontaminat ion tasks of comparable di f f icul ty.  Taking
both of these considerations into account, the staff regards the estimate of 750,000 person-hours
to be a reasonable one.

The schedule for conplet ing decontaminat ion of the AFHB wi l l  depend on the level of  work effort .
If the work effort by decontamination workers could have been maintained at a level of two
12-hour shi f ts per day, f ive days per week, with a work force of 19 persons per shi f t  (as or igi-
nal ly planned by the l icensee),  with a comparable level by other workers with in-bui lding assign-
ments, dec-ontamination could probably have been completed by the end of 1981.5 However, finan-
cial  d(f f icul t ies forced the l icensee to reduce the level of  ef fort  by decontaminat ion workers to
one B-hbur shift per day, five days per week, with a work force of 8 in September 1980. The
current level, .of  ef fort  (as of January 1981),  which has been maintained sjnce early in September
1980, l imits decontaminat ion work in the AFHB to maintenance and decontaminat ion of selected
cri t ical  areas. The current schedule of the l icensee shows a complet ion date of about
September 1982 (see Fig. f .4).  This impl ies an appreciable increase from the current level of
effort some time during 1981.

The number of workers that would, on the average, be needed to provide 250,000 person-hours of
work effort over a period from May 1, 1979 to September 1, 1982, aqsuming that the workers spent
an average of 40 hours/week on the job, would be about 85. This is the average number of workers
that would have to be employed in order to carry out the work that involves assignments in con-
taminated areas in the AFHB. The actual number at any time will fluctuate as the level of work
effort f,luctuates. Support workers who do not have to enter contaminated areas are not included.

5. 1.4 Eff I uents and .Be_lgsgge_lo the Envi !"onment

5 .1 .4 .1  Normal  Opera t ions

Eff luents and releases associated vr i th decontaminat ion of the AFHB and equipment include sol ids,
l iquids, gases, and airborne part iculates.

The sol id wastes include debris removed during ini t ia l  c leanup operat ions, contaminated f i l ters
from dry vacuuming operat ions, sol id residue removed from comtaminated l iquids by l iquid proces-
sing operat ions, and contaminated laundry and mater ials (e.9.,  wipes) used for decontaminat ion
operations. The activity of the radioactive waste generated by decontamination operations up to
September 1, 1980, (not including EPIC0R LI l iners generated by water processing) was est imated
to be 128 Ci.s Further information concerning releases from sol id wastb handl in!  may be found in
Sect ion 8.

Liquids from use of the water jet from urse of the water jet, from yet vacuuming, and from
desludging operat ions wi l l  be processed to renove disso' lved radioact ive contaminants. The pro-
cessing operat ions and the al ternat ives for the ul t imate disposit ion of the processed l iqulds are
discussed in Sect ion 7.
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The estimates of concentrations of effluents and releases are based on the licensee's schedule
prior to September 1980,-which called for completion of AFHB decontamination work by December 1.
1981. According to this schedule, the total elapsed time for decontaminating the AFHB was
30 months and September 1, 1980, was the appnoximate midpoint in time between the start and
finish of the AFHB decontamination work. Any extension of that schedule would lead to a decrease
in the concentrat ionsl  hence, the values for the release concentrat iorrs given below are st i l l
valid uppen bounds for the concentratioris that may be expected under the revjsed schedule
(Fig. f .3-1),  which extends the complet ion date by almost a year.  The total  releases are inde-
pendent of the schedule.

During the period from l,lay 1, 1979, when ciecontamination of the AFHB had started, to September 1,
1980, when about two-thirds of the 510,C00 ft2 of contaminated surface had been cleaned, the
releases of airborne contaminat ion through the AFHB bui lding vent i lat ion systems from decontami-
nat ion operat ions did not exceed technical  specif icat ion l imits.* The area that must st i l l  be
cleaned is equivalent to only half  the area decontaminated during the pr ior 15 months. However,
the levels of contaminat ion (see Tables 0.1 through 0.3 in Appendix 0) are higher,  so the release
rate of airborne effluents might be essentially the same during a subsequent lS-month decontami-
nat ion period.

Estimates of the normal airborne releases that are expected to occur during a l5-month period
fol lowing September 1, 1980, are sumnarized in Table 5.1. The desludging operat ions are expected
to take only about three nonths; therefone, the calculat ions of airborne release concentrat ions
for desludging operations are based on this time interval /rrllther than 15 months.

Tr i t ium releases during nonnal operat ions are pr imari ly f rom evaporat ion of the processed water
used for water jet  and other washing operat ions. The vent i lat ion system fans wi l l  be on when
workers are inside the bui lding; hence water vapor in the bui lding atmosphere wi l l  be released to
the outside atmosphere when work within the bui lding is in progress. The processed water has a
typical  t r i t ium concentrat ion of 0.13 pCi/mL. The staff  est imates that up to about 2 percent of
the water used for water jet  operat ions wi l l  be lost by evaporat ion; this w' i l l  generate about
0.1 Ci of  t r i t iated water vapor that wi l l  be vented to the outside atmosphere by the bu' i ld ing
vent i lat ion system.

The pr incipal normal airborne releases from surface decontaminat ion operat ions result  f rom wet
vacuuming operat ions. During wet vacuuming operat ions, 0.1 percent of the mater ial  which may
contain up to 50 Ci of  plateout and deposits on bui lding and equipment surfaces, is est imated to
be released to the bui lding atmosphere. This mater ial  passes to the air-cleaning system, which
consists of two stages of HEPA f i l tnat ion.

The staff  has based i ts calculat ion of airborne releases that might be generated by desludging
operat ions on experience acquired in complex chemical processing of nuclear fuels indicat ing that
about 0.01 percent of the total  mater ial  processed nay become airborne.o This est imate is judged
by the staff  to be high relat ive to that expected in the desludging operat ions.

The auxi l iary bui lding and the fuel  handl ing bui lding have separate air  f i l t rat ion systems, each
cons is t ing  o f  two t ra ins  in  para l le l .  Each t ra in  cons is ts  o f  four  f i l te rs  in  ser ies :  a  p re-
f i l ter,  a HEPA f i l ter,  a charcoal f i l ter,  and another HEPA f j l ter.  The maximum f low rate for the
aux i l ia ry ,  bu i ld ing  is  65 ,000 c fm;  the  max imum f low ra te  fo r  the  fue l  hand l ing  bu i ld ' ing  is
35,000 cfm.

iThe technical  specif icat ions l imit  the releases of I -131 and part iculate act iv i ty with half-
l ives greater than eight days in gaseous eff luents to an instantaneous release rate of 0.3 pCi/s
and to 0.024 yCi/s when averaged over any ca'lendar quarter. Most of the contribution to par-
t iculate contaminants from the AFHB is from Cs-137, Cs-134, and Sr-90. The on' ly signi f icant
gaseous contaminants are H-3 and Kr-85. The technical  specif icat ions l imit  the instantaneous
release rates of H-3 and Kr-85 to 3 x 104 pCi ls and 4.5 x 104 pCi/s,  respect ively.  The tech-
nical  specif icat ions also l imit  the release rates of H-3 and Kr-85 to 4.8 x 103 pCi/s and
7.2 x ].:Ds yCi/s, respectively, when averaged over any ealendar quarter. When both isotopes
occur together,  the individual release l imits are' less (see 10 CFR Part 20, Appendix B).
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Table 5.1.  Ai rborne Releases of  Pr inc ipal  Radionucl ides Expected to
Occur from Decontamination Operations in the Auxil iary and Fuel '

Handl ing Bui ld ings dur ing a 15- l . lgnth Per iod
fter September 1, 1980-

点とdittnuci、deb
Surface

Decontami nati on Desl udgi ng All

Concentrat ions of  Releasesc (uCi /mL)

H。3

Cs-137

Cs‐134

Sr・90

Sr‐89d

H‐3

Cs‐137

Cs-134

Sr-90

Sr‐89d

0 . 1

5。l X 10-5

8.6 X 10‐ 6

5.6 X 10‐ 7

5。6 X 10-8

4.5 × 10‐4

6。7 X 10。4

1.3 × 10‐4

9.O X 10-5

1.5 X 10‐ 5

0 . 1

7.2 × 10‐4

1.4 X 10-4

9.l X 10-5

1.5 X 10-5

5 X 10-11

2.8 X 10-14

4.7 X 10。 15

3.O X 10。 16

3.O X 10-7

1  1.9 x 10-12

2,8 X 10。 12

5.5 X 10‐ 13

3.8 × 10。13

6.3 X ■ 0-■4

Total Releases (Ct)

5 X 10-11

2.8 X 10-12

5.5 X 10-13

3.8 X 10-13

6,3 X 10-14

"Rel""r"r  dur ing pr ior decontaminat ion operat ions (May 1, 1979, to
September 1, 1980) did not at any time exceed technical specification
I  im i ts -

bThe durat ion of the release is assumed to be 15 minutes; the f low rate
for the bui lding vent i lat ion sysl tems are 55,000 cfm for the auxi ' l iary
bu i ld ing  and 35 ,000 c fm fo r  the  fue l  hand l ing  bu i ld ing .

tThe concentrations for surface decontamination operations are calculated
averages over a period of 15 months. The concentrat ions for desludging
operat ions are calcu1ated averages over a period of three months. The
concentrat ions for al ' l  operat ions are those that also would be appl icable
during the desludging operat ions. The auxi l iary bui lding and fuel
handl ing bui lding have independent vent i lat ion systems and separate
HEPA f i l ter systems with maximum f low rates of 55,000 cfm and 36,000 cfm,
respectively. The ducts from both systems join into a common duct to
the plant stack at a point past the HEPA f i l ter systems.

dThe releases for Sr-89 are based on estimates of the amounts of Sr-89
present on September 1, 1980. About 99.98 percent of this amount wi l l
disappear by radioactive decay by December 1, 1981.

An overal l  penetrat ion factor of 10-3 has been used in ca' lculat ing the releases shown in
Table 5.1.* NRC Regulatory Guide 1.140, which develops guidel ines for operat ing nuclear power-
plants,  specif ies a very conservat ive penetrat ion factor of 10-2 (correspond' ing to 99 percent
eff ic iency) for the ent ire exhaust system and then only i f  the HEPA f i l ters test in-p1ace to an
eff ic iency of 99.95 percent or greater.  The Regulatory Guide gives no addit ' ional credit  for HEPA

束The penetratSon

fllters.  Thus,
when the filter

factor  js  the f ract ion of  mater ia ' l  enter ing a f i l ter  that
for  a g iven f i l ter ,  the penetrat ion factor  equals 1 minus
ef f ic iency is  expressed as a f ract ion.

passes through the
the  f i l te r  e f f i c iency
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stages in ser ies. Appl icat ion of these cr i ter ia to the cleanup would be unnecessari ly conser-
vat ive in that actual penetrat ions through a single stage of HEPA f i l ters are much less than
one percent (even for partic'le sizes having maximum penetration) and in that further substantial
reduct ions of penetrat ion are achieved with a second stage of HEPA f j l ters.  Using a corrsei ' tat ive
penetnat ion factor of 0.001 for each of two HEPA stages (1 x 10-6 overal l ) ,  the values shown in
Table 5.1 (except for H-3) would be lowered by a factor of 1.000.

5 .1 .4 .2  Acc ident  Scenar ios

Possible accidents during surface decontaminat ion'act iv i t ies would inclur ie spi l ls,  rupture of the
HEPA f i l ter at tached to a vacuum cleaner,  or rupcure of a HEPA f i l ter in the bui lding vent i lat ion
system. The spi l l ing of l iquids inside the AFHB would not result  in i r ; ;mediate release to the
environment and probably would not result  in increases in ul t imate re1eases to the r iver,  to the
atmosphere, or as solid waste.

The on' ly pathway to the r iver for a I iquid spi l l  inside the AFHB would be through a leak in the
bui lding structure and subsequent percolat ion through the rock and soi l  to the r iver.  A hypo-
thet ical  accident for such a l iquid spi l l  ar id leakage is covered in Sect ion 7.4.2.

The rupture of a HEPA f i l ter in the bui lding vent i lat ion system would increase the airborne
re' lease rate descr ibed under normal operat ions (Sec. 5.1.4.1) unt i l  the fai lure was detected ( in
about 15 minutes?) and the vent i lat ion system secured. An analysis of s imi lar fai lures in a fuel
reprocessing plantT indicates that 1 x 10-3 of the f i l ter inventory could be released to the
airstream. The resultant concentrat ions of the pr incipal radionucl ides released due to rupture
o f  a  HEPA f i l te r  a re  l i s ted  in  Tab le  5 .2 .

The accidents that could occur during desludging act iv i t ies are simi lar to those that could occur
during surface decontaminat ion. Est imates of releases that could be expected as a consequence of
desludging operat ions i f  a HEPA f i l ter were to rupture are given in Table 5.2.

5.1.5 Environmental  Impacts

5 .1 .5 .1  Occupat iona l  Doses

From lrlay 1, 1979, through September 1, 1980, about two-thirds of the AFHB was decontaminated.
The cumulative whole-body dose received by decontamination workers (the workers who operate the
water jets and do the scrubbing, wet-vacuuming, wiping, and simi lan decontaminat ion operat ions)
was 142 person-rems. The highest dose received by an individual decontaminat ion worker over this
period was 2.5 rem. Cumulat ive and average individual decontaminat ion worker doses are given in
Tab le  5 .3 .

Other personnel with assignments that required entry and work in contaminated areas in the AFHB
included radiat ion technicians (who survey and monitor radiat ion levels and accompany each work
team to monitci ' radiat ion levels and provide assistance i f  needed) engineers, construct ion
workers, maintenance workers, and operat ions personnel.  The total  cumulat ive dose during the
period fron Apri l  27,1979 through September 1, 1980, for al l  personnel with assignments that
required them to enter contaminated areas within the AFHB is estimated by the staff to be about
250 person-rem.

The staff  est imates, on the basis of extrapolat ions from experience during the period from
Apri l  27,1979, to September 1, 1980, that the cumulat ive dose for decontaminat ing the remaining
one-third of the conta$inated surfaces in the AFHB wi l l  be in the range of 125 to 300 person-rem,
for a total cumulative whole-body occupational dose of 375 to 550 person-rem. Tha lower bound is
based on the assumption that the occupat ional dose per unit  area of surface decontaminrted wi l l
remain the same. The upper bound is based on the assumption that i t  wi l l  inc.rease by a factor
of 3 because some of the more di f f icul t  and highly contaminated areas have ber 'n lef t  unt i l  last.
The factor 3 is based on an extrapolat'ion of the trend in the average dose per worker per month.

The expected number of addit ional cancer mortal i t ies in a work force exposed to a cumulat jve
whole-body dose in the range of 375 to 550 person-rem is 0.05 to 0.07 for a work force of 85
individuals.  The average added probabi l i ty that an individual worker would eventual ' ly die from
cancer would range from about 1 in 120t0 to 1 in 1700 if helshe partic'ipated in the AFHB decon-
taminat ion work for the ful ' l  durat ion of the cleanup effort .  The expected number of addit iona' l
genetic effects in the offspring of ther exposed workers ranges from 0.10 to 0.14.

卜        |  !■ =‐―!■i ._ . ! l  i■ .■ _it■ ■■. =.三二iⅢ I■i■,■■|(キ_工す工|を1=■ホエやすナ=↓■|■!t,よ■|■チ,子=と|おこ歩:尭主こた1とと浄立す0と!キヤ:せ=巧も逮 忘資itと(立:立主古去蓋荏さ主主こあと
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Tab le  5 .2 .  A i rborne  Re leases  f rom HEPA F i l te r  Fa i lu le
during Decontaninat ion of the AFHB

Releases from HEPA Filter Fdilure

Surface Decon-
tami nati on Des I udgi ngRadionuclidea

Cs-137

Cs-134

Sr-90

Sr-89c

Cs-137

Cs-134

Sr-90

Sr-89c

Concenirations of Releasesb (HCi/mL)

一ュ

一一、

」差

軍

Ｌ
■
肇

1.2 X 10‐ 9

2.0 × 10-10

1.3 X 10-11

1.3 X 10‐ 12

Total Releases (Ci)

5.l X 10-5

8.6 X 10-6

5.6 X 10-7

5.6 X 10-8

2.4 X 10‐8

4.7 X 10-9

3.3 X 10-9

5。4 X 10-10

6.7 X 10-4

1.3 X 10-4

9.O X 10‐5

1.5 X ■0-5

"0ther f ission products are present;  however,  on the
bas is  o f  ana lys is  o f  d isso lved rad jonuc l ides  in  the
reactor bui ' ld ing sump water,  for which Sr-89, Sr-90'
Cs-134, and Cs-137 constitute greater than 99 per-
cent of the l r lPC contr ibut ion (see Appendix J),  and
urh ich  has  a  rad ionuc l ide  d is t r ibu t ion  s imi la r  to  tha t
of the AFHB sump water,  the contr ibut ' ions of each of
the other radionucl ides to airborne releases are
expected to be less than 0.1 percent and have not,
therefore. been l isted.

bThe durat ion of the release is assumed to be 15 min-
u tes ;  the  f low ra te  fo r  tha  bu i ld ing  vent j la t ion
systems are 55,000 cfm for the auxj l iary bui ' ld ing and
36,000 cfm for the fue' l  handl ing bui lding.

cThe re'leases for Sr-89 are based on estimates of the
amounts of 5r-89 present on September 1, 1980. About
99.98 percent of this amount wi l l  d ' isappear by
radioactjve decay by December 1, 1981-
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5.1 .5 .2  Of fs i te  Doses

The estimates for offsite doses to an individual subjected to the maximum exposure from AFHB
decontaminat ion and desludging ane l isted in Table 5.4. These est imates are based on the source

: . te rms deve loped in  Sec t ion-S. f .+ .1  and l i s ted  in  Tab le  5 .1 .  The ca lcu la t iona1 mode ls  used to
make these eitimates and the intelpretation of thejr results are described in Appendix bJ. The
i igni f icance of these doses and their  human health and environmental  consequences are.discussed
in-Sect ion 10.3. The total-body populat ion dose received by the human populat ion within a
50-mile radius from normal AFHB-decontaminat ion act iv i t ies is est imated to be 0.02 person-rem.

Table 5.4. Dose Est ' lmates for the Maximum Exposed Individual
for AFHB Oecontaminat ion and Desludging Act iv i t . ies

Dose (mrem)a

Locati on Pathway Tctal― Body Bone Li ver

Nearest
garden

Neares t  m i l k
goat

Nearest cow
and garden

Inhalation
Ground Shine

Vegetable Use

TOTAL

Inhalation

Cround Shine

Coat Mllk Use

TOTAL

Inhalation
Ground Shine

Vegetable Use

Cow Milk Use

TOTAL

4.5 X 10-5

8.8 X 10-5

3.l X 10-3

3.2 X 10-3

5。4 X 10-5

8.4 X 10‐ 5

1,5 X 10-3

1.C X 10‐ 3

4,9 × 10‐5

1,3 X 10'4

4.5 )( 10-3

5.7 X 10-4

5.2 X 10‐ 3

5,3 X 10‐4

8.8 X 10‐ 5

1.3 X 10‐2

1.4 X 10-2

2.O X 10-4
8.4 X 10-5

1.1 × 10-2

1.l X 10-2

5.9 X 10-4

1.3 X 10‐4

1.9 X 10-2

2,9 × 10-3

2.3 X 10-2

4.6 X 10-5

8.8 X 10-5

2.O X 13-3

2.l X 10-3

3.0 × 10-5

8。4 X 10-5

1,l X 10-2

1.1 × 10-2

5.l X 10-5

1.3 X 10-4
2.9 X 10-3

2.2 X 10-3

5。3 X 10-3

dDor" ,  were ca ' lcu lated for  to ta l -body,  Gl- t racr ' . ,  bone,  I iver ,  k jdney,  thyro id '
lung,  and sk in.  The maximum three organ doses are l is ted in  th is  table.  Doses
were calculated for  four  age groups:  adul ts ,  teenagers,  ch i ldren and ' in fants '

The h ighest  dose est imates for  each age group afe l is ted.  The dose est imates
fon th i  nearest  garden and the nearest  cow and gdrden are for  ch i ldren,  and the
dose est imates for  the nearest  mi lk  goat  are for  adu' l ts  per  tota l -body and for
in fants for  bone and l iver .

bThe  bas i s  f o r  se lec t i ng  t he  spec ia ' l  l oca t i ons  i s  desc r i bed  i n  Append i x  W.  The
actual  locat ions are:  nearest  garden = 1.05 mi les east-nor theast ,  nearest
m i l k  goa t  =  I . 02  m i l e  no r th ,  and  nea res t  cow  and  ga rden  =  1 .05  m i l e  eas t .

1         5.1_.5.3  Postulated Accident Effects

:  :[:i齢込品品汗
elよ

酷糾醍掛鮮
S&昆

乱押縮 が,made hereた
rupture of a HEPA付lteL TttS   I

and the source terms are listed for it in               i
十
チ
ー
        Table 5。 2.   Doses are estimated here for a MEPA filter failure occurring during the surface

eratSons.  The calculational models used to             l
lir results are deicribed in Appendix W.  The              i

lximum exPosure are listed in Tables 5.5 and              :
in Section 10.4.                                          i
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Table 5.5. Est imates of 0f fs i te Doses to the t laximum Exposed Individual
Caused by Failure of a HEPA Fi'lter During Surface Decontamination

0perations itt the AFHB

Dose (mrem)a

Location Pathway Total -Body Bone Li  ver

Ne3:i3と
nb

Nearest mi lk
goat

Nearest cow
and garden

Inhalaticn

Cround Shine
Vegetable use

TOTAL

Inhalation

Cround Shine

Coat Mヽ lk Use

TOTAL

Inhalation
Cround Sh有 ne
Vegetable use

Cow M1lk Use

TOTAL

2.9 X 10-5

3.5 X 10‐ 4

2.4 X ■0‐3

2.8 X 10-3

2.9 X iO‐ 5

3.5 X 16‐ 4

5.7 × 10・'3

6.1 × 10‐3

2.O X 10-5
3.5 X 10-4
2.4 X 10-3

1.4 X 10‐ 3

4.2 X 10-3

1,O X 10-4

3.5 X 10-4
■.2 X 10-2

1.2 X 10-2

■.O X 10-4
3.5 X 10-4

4.O X 10-2

4.0 × 10-2

6.9 X 10-5
3.5 × 10-4
1.2 X 10‐ 2

6.0 × 10-3

1.a x lo-2

4.7 X 10-5

3.5 X 10'4
7,8 X 10-3

8,2 X 10-3

4.7 X 10‐ 5

3.5 X 10-4

4.7 X 10-2

4.7 X 10-2

3.2 × 10-5

3.5 X 10-4
7.8 X 10-3
6.O X 10-3

1.4 X 10‐ 2

"Oot"r  were calculated for  to ta l -body,  Gl- t ract ,  bone,  l iver ,  k idney,  thyro id,
lung,  and sk in.  The maximum three-organ doses are l is ted in  th is  table.  Doses
were calculated for  four  age groups:  adul ts ,  teenagers,  ch i ldren and infants.
The highest dose estimates for each age group are l isted. The total-body dose
est imates for  aI I  locat ions are for  adul ts .  For  the bone and l iver  doses,  the
the estimates for the nearest garden and nearest cow are for children, and the
estimates for the nearest goat are for infants.

bThe basis  for  se lect ing the specia l  locat ions is  descr ibed in Appendix W. The
actual  locat ions are:  nearest  garden = 1.05 n i les east-nor theast ,  neanest
mi lk  goat  = L.02 mi le nor th,  and nearest  cow and garden = 1.05 mi le east .
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Table 5.5.  Est imates of  0f fs i te  Doses to the l r lax imum Exposed Indiv idual
caused by Fai lure of  a HEPA Fi l ter  duning Desludging Openat ions

in the AFHB

Dose (mrem)a

Locぷtion Pathway Total‐ body Bone Li  ver

Nes:景
品をnb

Nearest rni lk
goat

Nearest cow
and garden

InhalatioR

Ground Shine

Vegetable じ se

TOTAL

Inhalation

Cround Shine

Ccat M1lk Use

TOTAL

Inha13tiOn

Cround Shine

Vegetable use

Cow Mヽ lk Use

TOTAL

6。4 X 10-4
4.7 X 10-3

1.7 X 10-1

1.8 X 10-1

8.6 X 10-4
4,7 X 10-3
8.7 X 10-2

9.2 X 10-2

4,4 X 10-4

4.7 X 10-3

1.7 X 10-1

2.l X 10‐ 2

2.O X 10‐ 1

9.O X 10-3
4.7 X 10-3
7.3 X 10-1

7.4 X 10-1

3.8 X 10‐ 3

4.7 X 10-3
6.2 X 10-1

6。3 X 10-1

6.2 X 10-3

4.7 X 10-3

7,3 X 10-1

1.l X 10-1

8.5 X 10-1

6.3 X 10-4

4.7 X 10-3

1.O X 10-1

1.l X 10-1

4.6 X 10-4

4.7 X 10-3

6.5 X 10-■

6.6 X ■ 0-1

4.3 X 10-4

4.7 X ■ 0-3

■.O X 10-1

8.l X 10-2

1,9 X l-1

"Dor" ,  were calcu ' la ted for  to ta l -body,  GI- t ract ,  bone,  l iver ,  k idney,  thyro id,
lung,  and sk in.  The maximum three-organ doses are l is ted in  th is  table.  Doses
were 'calculated for  four  age groups:  adu' l ts ,  teenagers,  ch i ldren and infants.
The h ighest  dose est imates- for  each age group are l is ted.  The dose est imates
for the nearest garden and the nearest cow and garden are for ch'i ldren, and the
dose est imates for  the nearest  mi lk  goat  are for  adul ts  for  to ta l -body and for
infants for bone antl 

' l ' iver.

bThe basis  for  se lect ing the specia l  locat ions is  descr ibed in Appendix W. The
actual  locat ions are:  nearest  garden = 1.05 mi les east-nor theast '  nearest
mi ' l  k  goat  = L.02 mi le nor th,  and nearest  cow and ga.rden = 1.05 mi le east .

5 .1 .5 .4  Psycho log i ca l -Soc ioeconomic  E f fec t s

The foregoing analys is  ind icates that  the hea1th ef fects of  decontami ' rat ing the AFHB are expected
tg be ne-gl ig iUle Jnder normal  operat ions.  I f  the p ' lanned act ions are understood and bel ieved
safe by t ie 'general  publ ' ic ,  the inajor i ty  of  people l iv iag in  the v ic in i ty  of  TMI wi l l  not  exper i -

ence a-ddi t io-nat  psy inological  d ' is t ress or  adverse socioeconomic impact .  _0nce in i t ia ted,  th is
phase of  decontamjnat ion would be expected to resul t  in  a decrease in anxiety levels  among those

who are concerned that  c leanup was unnecessar i ly  delayed-

The  acc iden t  scena r i os  desc r i bed  i n  Sec t i on  5 .1 . . 4 .2  i nvo l ve  sp i l I s ,  r up tu re  o f  t he  HEPA f i l t e r

at tached to a vacuum cleaner,  and fa i lure of  the buj ld ing f i l ter  system. These hypothesized
accidents could have psychological  impacc.  Ai t ,hough the accident  scenar ios would have negf  ig ' ib1e
radio iogical  consequences,  some segment  of  +.he ' local  communi ty  would bel ieve the hypoLhet ica l
acc iden i  t o  be  th r i a ten ing ,  w i t h  J resu l t i ng  j nc rease  i n  t he  symp toms  o f  anx ie t y .  -The . l eve l . o f
anxiety would be expected- to increase in re lat ion to bel ieved threats,  NRC's credib i l i ty ,  the
Ievel  bf  controversy or  uncer ta jnty ,  and adverse medja coverage.  Accidents involv ing a i rborne
releases,  whether  o i  not  such re leases reach of fs i te  areas,  could resul t  in  shont- term consumer
avoidance of  agr icu l tura l  products,  par t icu lar ly  dai ry  products-

■■=■=二基皐          逢 基基量姦
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5.1.5.5 0ther Environmental  Effects

Discharge of about f ive gal lons per week of Freon vapor to the atmosphere-cou' ld occur i f  Freon is
used tdclean equipment.-  Such b release is negl igible compared to_the_global releases of Freon
and would have n6 signi f icant effect in the local area nor on the global ozone layer.  -

5 .1 .5  Economic  Costs

Based on the number of person-hours of work effort that was required for the port-ion of AFHB
decontamination completed as of September 1, 1980, (about two-thirds of the tota'l) the staff
estimates that the total direct costs for decontamination of the AFHB will be between about

$16 mi l l ion and $22 mi l l ion.  A cost  range is  presented to a ' l low for  uncer ta int jes in  the ef for t
requi red to complete the remain ing th i rd of  the decontaminat ion.  The cost  of  des ' ludging opera*
t ions corrst i tu tes less than 5 percent  of  the tota l .

The costs for  AFHB decontaminat ion are presented in Table 5.7.  The major i ty  of  the cost  is  f .or
d i rect  labor  associated wi th decontaminat ion and wi th mainta in ing the decontaminated areas.*
Est imated equipment  costs inc lude i tems such as the rec i rcu lat ion vacuum f j l t ra t ion system'
f i ' l ter  car t r idges,  f i l ter  processing equipment ,  specia l  casks,  sh ie ld ing,_ etc.  The bases of
these cost  est imaies are descr ibed in Appendix K.  Costs of  waste packaging and handl ing '  and
waste t ransportat ion are covered in Sect ions 8 and 9,  respect jve ly .

Table 5.7. Economic Costs for
AFHB Decontaminat ion

(thousands of dol lars)

Item Best Case f ' lorst Case

Labor

Equipment &
Mater i  al  s

TOTALS

15,450

450

15,900

21,150

650

21,800

5.2 REACTOR BUILDING

The  i n i t i a l  ob jec t i ve  o f  t he  reac to r  bu i l d i ng  decon tam ina t i on  i s  t o  es tab l i sh  and  ma in ta jn  rad jo -
l og i ca l  cond i t i ons  (gene ra l  a rea  rad ia t i on ,  a i rbo rne  gaseous  and  pa r t i cu la te  ac t i v i t i es ,  and
surface contaminat ion levels)  that  wi l l  permi t  reactor  defuel ing and pr imary system deconiam-
inat ion to proceed.  Defuel ing is  a prerequis i te  for  decommissioning or  refurb ishment .  The
fo l lowing judgmental  va lues have been appl ied as guidel ines to determine whether  th is  in i t ' ia l
object ive has been achieved:

.  Reactor  bui ld ing sump water  processed and the s ludge removed.

.  General  area radiat ion exposure rates less than

-  30 mR/hr  below the 305-f t  e levat ion
-  10 mR/hr  at  the 305-f t  e levat ion
-  10 mR/hr  average at  and above the 347' f t  e levat ion,  wi th exposure rates to about

5 mR/hr  at  the defuel ing locat ion.  The lower exposure rates at  the defuei ing
s ta t i on  cou ld  be  ach ieved  by  su i t ab le  p ' l acemen t  o f  sh ie ' l d j ng  and  add i t i ona l  l oca l
c l  eanuP.

xoi rect  labor  is  here def ined as the labor  of  decontaminat ion and other  workers wi th assign-
men ts  t ha t  requ i re  wo rk  i n  rad ia t i on  zones  ( see  Sec .  5 .1 ' 3 ' 2 ) .
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Smearable contamination on building surfaces and equ'ipment approximately 3000 to
. 4000 dpm/100 cm2 exclusive of hot spots.

Processing of the prinary system Hater and flushing and decontamination of the primary cooling
system mat be neceisary fn olden to bring the radia,tion exposure rates down to 30 mR/hr below the
305-f t  elevat ion.

The foregoing guidel ines wi l l  not be affected by the outcome of the decision on future use of the
si te.  The cleinup operat ions that must be camied out in order to achieve the ini t ia l  decontami-
nation objectives are also, for the most part, independent of the outcome.

5.2.1 Status and Specif ic Considerat ions

Preliminary reactor building decontanination operations that have taken place during the period
prior to January 1981 include purging of the Kr-85 from the atmosphere in the reactor building,
fol lowed by prel iminary entr ies into the bui lding in order to map radiat ion f ie lds, measure
surface'contamination, and inspect the extent of any damage to the building and equipment. These
operat ions were prerequisi tes for the remaining bui lding and equipment decontaminat ion gpera-
t ions, which would have to be carr ied out regardless of subsequent decisions on the choice of
cleanup al ternat ives or the decision on future use of the si te.  The operat ions were aiso neces-
sary to ensure continued safe shutdown of the reactor. These operations, and the information
that was gained from them regarding the condit ion of the bui lding and equipment,  are descr ibed in
this sect ion.

5.2.1.1 Reactor Bui lding Atmosphere

.3ignif icant quant i t ies of radioact ive f ission products and part iculates were released into the
reactor bui lding atmosphere as a consequence of the accident on l . larch 28,1979 (see Table 5.8).
The total  atmospheric radioact iv i ty in the neactor bui lding just pr ior to the purge was about
44,000 Ci.  t leai ly al l  of  this yas krypton-85 (Kr-85) gas. The contr ibut ion from tr i t ium ( in the
form of HTO vapor) was less than 3 Ci,  and the contr ibut ion from al l  other radionucl ides in the
atmosphere was less than 0.001 Ci.  By July 11, 1980, the atmospheric contaminat ion had been
reduced to a level such that full protective equipment is no longer required by workers. The
sequence of events by which this reduction occurred are described below.

In considerat ion of the l icensee's specif ic request dated November 13, 1979, for permission to
remove the krypton gas, the NRC staff prepared and published a draft environmental assessment in
l i larch 1980 on decontaminat ion of the bui lding atmosphere and then a f inal  environmental  assess-
ment (see Appendix C) in t lay 1980. '0n June 12, 1980, the Nuclear Regulatory Commission, fol low-
ing its oyJn review of the staff recommendations and comments from the public, the Governor of
Pennsylvania, and many other onganizat ions and individuals,  issued a l , lemorandum and 0rder
(CLI-b0-25)8 which authorized t4et-Ed to conduct a control led purge of the reactor bui lding atmo-
sphere, commencing no sooner than June 22, 1980. The Commission also issued on June 12, 1980'
i ts 0rder for Temporary l ' lodi f icat ion of 0perat ing License No. 0PR-73,e which establ ished offs i te
dose l imits for the purge.

Purging of the reactor building atmosphere by venting to the outside atmosphere started on
;unE 24, 1980, and cont inued unt i l  the morning of July 11, 1980. The radioact iv i ty vented durirrg
this pei iod was est imated to be in the range of 38,000 to 50,000 Ci of  Kr-85, with a median value
of 44,000 Ci.* Addit ional punges were made on August 1, 8,  14-15, and 22, September L9-20,
0ctober 10 and 15, November 8 and. 12, and December 4 and 9, 1980, in order to vent the Kr-85
released by offgasing from the water in 'Lhe reactor bui ld ' ing sump and from other sources. The
vent ing wa! done to iaci l i tate manned entr ies for inspect ion, sampl ing,,and test ing of reactor
bui lding condit ions. Releases during August vent ings were less than 60 Ci each, except for the
purge oi  August 14-15, which resulted in re1eases of less than 84 Ci.  The releases during the
inonitrs of September, October,  November, and December were 27, L5,12, and 7.5 Ci,  respect ively.

The Kr-85 concentrat ion immediately pr ior to purging was about 0.8 pCi/mL. The purging_opera-
t ions reduced the airborne radioacl iv i ty in the reactor bui lding by a factor of about 107 to the
point that the concentrat ions were less than the l imits for worker exposure stated in.Appendix B,
bf lO CFR Part 20. Some radioact iv i ty remains because of resuspension of radionucl ides from
bui lding surfaces by air  currents, outgar;sing of sump water and equipment,  and from inleakage
from thi  pr imary coolant system. Periodic purging is needed to prevent the airborne radio-
act iv i ty from r is ing above the l jn i ts nott td above.
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Table 5.8. Composition of the Atmosphere in
Shortly befor:e the Purge on June 28 -

the Reactor Bu:号 d:ng
」uly ■■, 1980

Constituent
Hal f"Li  fe
(years)

Actttvl ty

Concentration

(HCi/mL)

Total  Act iv i ty in
Reactor Bui lding
Atmosphere (Ci)

Volume in

R景
忌需::古h:|:呂

di[;

ASr

H20b

at 20°C

at 40°C

Kr‐85

HTObDe

at 20°C

at 40°C

Cs-137

Cs'134

1‐129h

Sr口90

10.8

■2.3

12.3

30

2 . 1

1.7 X 107

28.8

0.8C

l.7 X 10-5

5 X 10-5

( l X 10‐ 9f

く l X 10-9g

く 6 X 10-91

く l X 10‐ 9g

5.7 x I:O7

1000  ( l i qu id )

3000  ( l i qu id )

31 (gas)d

7 x LO'? ( l iqu id)

2  x  10 -6  ( l i qu id )

< 10-6 (sol  i t l )

<  10 -6  ( so l i d )

<  10 -6  ( so l i d )

<  10 -6  ( so l i d )

く

く

＜

く

44,000

1

3

6 X 10‐ 5

6 × 10-5

4 X 10-4

6 X 10-5

aThe reactor containment bui lding internal volume is about 5.7 x 10? l i ters.
h-The H20 and HTO tritiated uater were present in vapor form. A saturated vapor (10Ct%
relative humidity) at the temperature indicated was used as a basis for the calcula-
t ions. The vo' lumes l isted in the last column are the l iquid volumes that would be
obtained if the vapor were separated out and condensed.

ci |emo, J.T. Col l ins to B.J. Snyder and H.R. Denton, ( i lRCTMI Program Off ice bJeekly
Status Report" September 8, 1980.

A"The volume of gas that would be obtained if all of the Kr-85 were separated out and
stored in a container at room temperature and one atmospheric pressure.

eThe tritium atoms released initially with the hydrogen gas exchanged with the hydro-
gerr atoms in H20 so that almost al l  of  the tr i t ium was present as HT0. The tr i t ium
act iv i ty in the atmosphere was calculated from the tr i t ium act iv i ty in the sump water
(1 pCi lml (see J.A. Oaniels,  "Containment Sump Analyses,rrpresented at the EPRI/D0E
Seminar/Workshop on Decontamination,/Dose Reduction Technology, November 17, 1979))
which gives the HT0/H20 ratio, and the amount of water vapor in the reactor building
atmosphere.

fCalculated from measurements of particulates absorbed in filters through which atmo-
spheric samples are passed (reactor bui ' ld ing part iculate samp' le data, f rom cont inuous
tabulation by the iletropolitan Edison Co., recorded January 30, 1980, and February 13,
1980).

9Calculated from the measured Cs-137 act iv i ty in the reactor bui lding atmosphere and
the measured Cs-134r'Cs-137 and Sr-90/Cs-137 ratios in the containment sump (see "Envi-
ronmental  Assessment for Decontaminat ion of the Three Mile Is land Unit  2 Reactor
Bui lding Atmosphere," U.S. NRC, NUREG-0662, March 1980; J.A. Daniels,  I 'Containment
Sump Analyses," presented at the EPRI/DOE Seminar/l{orkshop on Decontamination/Dose
Reduct ion Technology, Novemberr 27, 1979; and reactor bui lding part iculate sampl ing
data, f rom cont inuous tabulat, ion 6y Metiopol i tan Edison Co",-rbcorded on Januiry 50,
1980, and February 13, 1980).

htt .  t - tgt  radionucl ide, whicfr  has a half- l i fe of eight days, has decayed to an unde-
tectable and completely negl igible level.

iCalculated from the concentr€rt ion of I -129 in the sump (see Daniels,  c i ted above) and
the atmosphere,/sump concentrertion ratio for I-129. The latter was obtained fnom the
atmosphere/sump ratio for I-1.31, which was determined from measurements prior to
August 31, 1979, before the l -131 had decayed to unmeasurably 1ow levels.
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Environmental impacts that occurred as a consequence of the purge are described in Sec-
t i o n  5 . 2 . 5 . 2 .

5 . 2 .  1 .  2  E n t n i e s

Five successful entries had been made into the reacton building as of January 2, 1981, These
entries utere preceded by an attempted entry on May 20, 1980 (prior to purging of the reactor
building atmosphere) which was aborted because the entry team was unable to open the inner door
of Personnel air lock No. 2. The inner air lock door was successful ly opened on July 23, 1980, and
two people entered the reactor building to conduct a general radiation survey on the 305-ft level
and inspect for damage result ing from the accident.  For the successive entr ies on July 23,
August 15, October 15, November 13, and December 11, L980, the size of the entry team was 2, 4,
12, 5, and 14 persons; entry times varied from 20 to 72L minutes; the total cumulative occupa-
t ional exposure for al l  team members for each entry was 0.42, 1.03, 2.28, 4.11, and 5.9 person-
rem; and the maximum whole-body dose neceived by any individual for each entry was 220, 340, 570,
460, and 650 mrem, respect ively.r t tL2 No skin exposure from beta radiat ion was detected unt i l
the fourth and fifth entries, when the maximum beta skin exposures were 170 mrad and 65 nrad,
respect ively.  The entry team members rvore protect ive clothing for al l  entr ies. 0n the f i rst
entry breathing air  was suppl ied by individual tanks of compressed air ;  on succeeding entr jes,
air from the containment building was drawn through individual HEPA filters by battery-powered
fans into pressurized ful l - face masks.

The entry teams made radiation measurements, took samples of surface radioactivity by wiping and
scraping surfaces, inspected for damage, took color photographs of the interior, and removed a
few smal l  loose i tems for subsequent laboratory analysis.  During the thjrd entry,  essent ial
maintenance on the No. I  personnel air lock and on equipment used foi  monitor ing from outside the
reactor bui lding was carr ied out.  During the fourth entry,  a high-volume air  sample was taken
and tests were made to determine the effectiveness of three different hands-on surface decontami-
nation procedures. During the fifth entry the reactor pressure vessel head was surveyed from
inside the empty refuel ing pool and the polar crane was inspected. The results l l  f rom these
ac t iv i t ies  a re  summar ized in  Sec t ions  5 .2 .L .3  th rough 5 .2 .L .5 .  Typ ica l  v iews o f  the  ins ide  o f
the reactor bui lding, taken during the entr ies, are shown in Figures 5.3 and 5.4.

Before the start  of  decorrtaminat. ion, addit ional entr ies wi l l  be needed on a cont inuing basis to
obtain more information on the distr ibut jon of radioact ive contaminat ion and radiat ion f je ld
intensit ies, and on the condjt ion of the equipment.  This information is needed to plan for the
cleanup operat ions and for inspect ion and possible maintenance of instrumentat ion used to monitor
the condit ion of the reactor.  Procedures for subsequent entr ies are expected to be simi lar to
those already used.

5 .2 .L .3  Bu i ld ing  and Equ ipment  Sur faces

Radioact ive deposits (p1ateout) are present on most of the approximately 300,000 f tz of exposed
bui lding and equipment surfaces inside the reactor bui lding. Measurements of plateout from
samples obtained by wiping or scraping at 28 locat ions during the f i rst  and second entr ies
yielded the fol lowing results for the plateout act iv i ty ( in units of pCi l100 cm2)' , t ' t  measure-
ments at eight locat ions on the 305-f t  elevat ion f loor ranged from 0.3 to 47. with an average of
14; measurements at four locat ions on the 305-f t  elevat ion wal ls ranged from 0.006 to 0.02, with
an average of 0.01; measurements at two locat ions on the 347-t t  elevat ion f loor ranged from 5.4
to 6.9, with an average of 6.7; and measurements at four locat ions on the 347-f t  elevat ion wal ls
ranged from 0.01 to 0.04, with an average of 0.02. The remaining measurements of miscel laneous
objects at ten locat ions, such as stajrwel l  surfaces, toor chest,  glass sample, steel plate,
funnel,  cable trays, entry door,  etc. ,  ranged from 0.04 to 29, with an average of 5.

*The ini t ia l  est imate of 57,000 Ci of  Kr-85 was based on a conservat ive interpretat ion of mea-
surements of smal l  samples of the reactor bui lding atmosphere obtained through penetrat ions in
the outer wal l  of  the reactor bui lding. The values quoted above are based on measurements of
the p' lant stack gas veloci ty and Kr-85 concentrat ion in the vented gas. The uncertainty of
15000 Ci is due to inherent di f f icul t ies in making accurate measurements of gas veloci t ies in
large vent stacks and the concentrat ion of Kn-85 in the gas stream. These di f f icul t ies
l imited the accuracy to about t14 percent. lo

**An act iv i ty of 1 pCi l100 cm2 is approximately equal to 9.3 VCi/ t t2 or 2.2 x 106 dpm/100 cm2.
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F igu re  5 .3 .  V iew  0u ts ide  the  l l nne r  A i r l ock  Doo r  o f  t he  Reac to r  Bu i l d i ng  Jus t
Pr ior  to  Entry.  

' lhe photograph shows Met-Ed's  personne' l  in  pro-
tec t i ve  c l o th ing  and  ca r r y i ng  commun ica t i ons  and  rad ia t i on  de tec -
t i on  equ ipmen t  mak ing  f i na l  p repa ra t i ons  p r i o r  t o  en te r fng  the
inne r  doo r  o f  t he  pe rsonne l  access  ha tch  o f  t he  reac to r  bu i l d i ng
a t  t h e  3 0 5 - f t  e l e v a t i o n  ( g r o u n d ' l e v e l ) .
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In a decontamination test conducted during the fourth entry, a small area on the floor of the
305-ft elevation with a beta-gamma surfac; activity of about 14 pCil100 cmz was wiqeg with a-
towel saturated with demineraiized water, then wip-ed with a dry towel, then wiped with a towel
saturated with a detergent solution, then wiped dry again. After the first dry wiping the sur-
face activity was reduied by a factor of 87; after the second dry wiping it vras reduced by an
addit ional factor of 2.4.

The plateout in the reactor building came from fallout as the steam escapilg flom the primary
syst;m condensed during and shortly after the accident. It was probably_distributed much more
u;iformly on the walls and floor iimediately after the accident. The staff infers that the much
smaller 

-plateout 
values on the wal ls is pr imari ' ly due to f lushing that occurred after the acci-

dent during the period that moisture evaporating from sump watet" heated by decay heat from the
reactor wal condensing on the walls and draining down on to the floors and back into the basement-

The principal radionuclides in the plateout are Cs-137 (83 percent) Cs-L34 (13 percent) and
Sr-90 (4 percent). Trace amounts of Co-60, Nb'95, Sb-125, and Ce-144 were measured at some
locat ions. The Cs-137lSr-90 rat ios ' ,ar ied, depending on the locat ion at which the sample was
taken. Ratios as high as 53 and as low as 3 were measured, with an average of about 16. The
variat ion is due to the nature and concentrat ion of the l iquids in contact with var ious surfaces
and subsequent washing by condensat ion. The relat ive amounts of the three.pr incipal sol  id-radio-
nuclides are also OifierLnt for different sources. The proportions for major sources at different
locat ions are shovJn in Table 5.9.

The total  plateout on the f loors, uJal ls,  and cei l ings on the 305-f t  and higher elevat ions can be
estimated irom the numbers given above and the surface areas to be about 2 Ci. This does not
include the radioact iv i ty in drains and other locat ions not accessible for swipe measurements
where contamination could accumulate. l4any of the I'hot spotsrr are due to such sources. Nor does
the 2-Ci est imate include the plateout in the basement ( i .e. ,  the adherent f j lm of contaminat ion
that would remain after the sludge, which consists of a layer of nonadhering part ic les'  is
removed.*) or inside the D r ings. There are not suff ic ient data avai lable as to the amount of
radioact iv i ty in drains or other inaccessible locat ions, in the basement,  or inside the D r ings,
but the staff  considers i t  unl ikely that the total  would be greater than 100 Ci;  i t  probably is
much less.

lrfost of the surfaces at the 282.5 ft (basement) level are submerged. The floor is covered to a
depth of about 8 ft with about 700,000 gallons of sump water. This sump water and any sludge.
that has accumulated on the basement floor under the water must be removed before the surfaces in
the basement can be decontaminated. The condit ion of the bui lding and equipment surfaces in the
basement and the amount of sludge present were not known as of January 2, L98L.

5 .2 .L .4  Rad ia t ion  Leve ls

Plateout, the contaninated sump water, and suspended particles are the major sources of worker
radiation exposure for both beta and gamma radiation. The general gamma rad'iation 

'levels (exc1u-
ding "hot spots") were measured during the f i rst  three_entr ies in the range of 100 to 700 mR/hr
at the 305-ft elevation (grade level) and 30 to 600 mR/hr at the 347-ft elevation. The average
gamma radiation 

'levels are estimated to be 500 mR/hr and 250 mR/hr at the 305-ft and 347-ft
elevations, respectively. The staff estimates that the average gamma radiation level at the
305-ft elevatioir would drop to about 250 mR/hr if the basement were drained and decontaminated to
the extent that nadiation from the basement through the floot' and drajn openings was apprec'iably
less than the contr ibut ion from plateout on the f loor and wal ls at the 305-f t  elevat ion. Measure-
ments made of beta radiat ion levels by instruments in contact with the surface at var ious points
on the walls and floors gave readings that ranged from 2 to 4 rad/hr.

Higher radiat ion f ie lds occur at local ized "hot spots" where concentrat ions of plateout occur-and
ab6ve the open stairve' |1,  wh' ich is not,  protected by an intervening f loor or wal l  f rom radiat ion

*Both sludge and plateout are removed I'rom surfaces primarily by means that uti l ize water; the
former by resuspension and the la t ter  by going in to solut ion or  by detergent  act ion.  The
important distinctioll between the two is that the former can be removed from the vJater by
f i i t ra t ion;  methods ut i l iz ing ion-exctrange res ins or  minerals ,  or  evaporat ion,  are necessary
for  the la t ter .
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TabIe 5.9. Relat ive Amounts of the Three Principal
Radionucl ides for Dif ferent Sources

Sounce

Radionuclide

Cs-137     Cs-134     Sr-90

Plateout in reactor bui lding

0issolved sol ids in reacton bui lding sump water

Fi l terable sol ids in reactor bui ' ld ing sump water

Sample A

Sample B

Primary system water

Dissolved sol ids in water in AFHB sump

Fi l terable sol ids in water in AFHB sump

Dissolved so' l ids in water in AFHb sump tank

Fi l terable sol ids in water in AFHB sumD tank

83%

85

8

11

51

8t

79

82

71

L3%

13

1

2

8

16

15

16

14

4%

1

91

87

41

3

5

2

15

from the sump water. Typical measurements of the gamma radiation in such areas were 1-2 R/hr at
the air  coolers,* 2-5 R/hr at f loor drains, 10 R/hr over the metal  deck for the covered f loor
hatch, and 18 R/hr at the open stairwel l .  The highest measurement,  obtained remote' ly,  was 40-45
R/h at 5 to 7 ft from the sump water in the basement (below the 305-ft elevation).

5 .2 .L .5  Cond i t ion  o f  Equ ipment
'Ihe containment spray system was actuated on March 28, L979, following a hydrogen burn within the
reactor bui lding; hence, the system was operable at that t ime and may st i l l  be operable.rr  In
addit ion, some of the bui lding l ights were act ivated during the second entry.  0therwise, there
is no basis for assuming that any of the other reactor bui lding equipment,  serv' ices, or protec-
t ive instrumentat ion needed for decontaminat ion of the bui lding surfaces and equipment would be
operable at the beginning of decontamjnat ion operat ' ions. Provis ' ions for supplying al l  of  the
required serv' ices and equiprnent by repair ,  replacement,  or other means would be needed. I t  is
bel ieved that the reactor bui lding equipment hatch at the 305-f t  elevat ion can be used to trans-
fer equipment to and from the reactor bui lding before decontaminat ion operat ions are begun. The
status of certain key pieces of equipment is noted below.

The electr ical ly-powered polar crane is assumed to be inoperable because of the adverse environ-
ment in the reactor bui lding and because of the long period without operat ion or maintenance.
During the f i f th entry,  v isual observat ion from a platform immediately below the crane cab
revealed considerable heat damage to electr ical  components.

The reactor bui lding air  cool ing units,  located adjacent to the equipment hatch at the 305-f t
elevat ion, are oper.able but are gross' ly contaminated and wi1' l  require extensive decontaminat ion,
sh ie ld ing ,  o r  remova l  to  reduce rad ja t ion ' leve ls  fo r  personne l  work ing  in  the  area .  In -p1ace
repair  or replacement would be requiret l  i f  these units were to be used for bui lding cool ing
during cleanup. The extensive amount of air  duct ing at this elevat ion in the bui lding may be
highly contaminated and require special  decontaminat ion efforts,  ot '  replacement.  (Some pr ior
deiontaminat ion to reduce worker exposure would probably be needed even i f  the duct ing were
replaced. )

xThe most  deta i led measurements around the a i r  coolers were made dur ing the th i rd entry  on
0ctober 10, 1980.

rf=lif干 ェ |二「=1工 =1手 =li==子 工11            =F
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There was evidence at some locat ions within the bui lding of the pulse of abnormal ly high tempera-
tures and pressures which occurred during or after the-accident:  a dent in the enclosed stajr-
well door ht ttre 305-ft elevation; a col-lapsed metal storage drum; a melted plastic telephone
handset on the 947-tt elevation; ind a chaired sign. This daniage probably occurred during the
hydrogen burn. Aside from these observat ions, v i lual  inspect ion did not reveal any obvious
Oir"gE lo ttre equipment at the 305-ft and 347-fi elevations.

Because the basement is flooded with 8 ft of contaminated water, most of the equipment there
probably wi l l  have to be removed and disposed of.

5.2.2 Alternat ive l i lethods Considered

Alternat ives other than those l isted below may be suggested during the decontamjnat ion operat ions
and should be considered i f  there is reason to bel ieve that,  within the ALARA concepts, they
would reduce worker exposure, the amount of waste generated, decontamjnation time, or occupa-
t ional hazards.

5 .2 .2 .1  Bu i ld ing  Decontaminat ion

Decontaminat ion below the 305-f t  elevat ion ( the "basementrr  level)  and on the 305-f t  and higher
e' levat ions ( the "upper" levels) present di f ferent problems, pr imari ly because of the,700'0-00 gal-
lons of contaminatid water thai overflowed the sump and now covers the basement floor (the
282.5- l t  elevat ion) to a depth of about 8 f t .  Decontaminat ion of the basement wi l l  involve
pumping out the contaminated water and removing the sludge and debris,  as vJel l  as decontaminat ing
ttre 'Uul lding and equipment surfaces. Decontaminat ion of surfaces is the major bu' i ld ing decon-
taminat ion task required for the upper levels.  The al ternat ives for the basement and upper
]evels are considered separately below, but they are not independent of each other--some of the
major al ternat ives concern coordinat ion of decontaminat ion tasks on di f ferent Ievels of the
bui 

' ld i  ng.

f l ternat ives for Decontaminat ing t

The contaminated water in the basement (the sump water) must be removed before other decontam'i-
nation tasks in the basement can be started. After the water has been removed, removal of the
sludge and debris and then decontaminat ion of the under ' ly i r .1g surfaces can proceed.

Alternat ives for Removinq the Sump l . later.  The al ternat ives for removing the sump water dffer in
� t i m i n g , a n c l c l e a n - w a t e r b a c k f i l 1 i n g o f t h e b a s e m e n t .

Rate Alternatrygs. Three major al ternat ives that di f fer in the rate at which the water
would-5fmov-EilFconsidered by the staff: (1) rapid removal to a storage tank at some other
locat ion on the si te;  (2) removal at  a rate that would permit  the water to be processed before i t
was stored at some other locat ion; and (3) a feed-and-bleed operat ion in which the water was
returned to the sump after processing unt i l  the di lut ion reduced the contaminat ion to r  predeter-
mined leve l .

The rapid removal al ternat ive is considered by the staff  to be the least desirable of the three
alternat ives. In order to accommodate al l  of  the contaminated water in suj table exjst ing tanks
i t  wou ld  be  necessany to  u t j l i ze  the  Un i t  2  reac tor  coo lan t  b leed ho ldup tanks  (231,750 ga l lo -ns) ,
the tank farm in spent fuel  pool A of Unit  2 (110,000 gal ' lons),  the Unit  1 reactor coo1ant bleed
holdup tanks (247,000 gal lor is),  and spent fuel  pool rrArr of  Unit  2 (320,000 gal lons), .14 The
precair t ions needed to ivoid exposure to personnel engaged in other operat ions, the jncreased

iadiat ion levels in the storage areas, and the loss of spare tank capacity for managing the
overal l  water inventory would hamper cleanup operat ions. The greater complexi ty (number of
va lves ,  pumps,  e tc . )  and length  o f  l ines  u t j ' l i zed  compared to  o ther  a l te rna t ives  wou ld  jnc rease

the tranl fei  hazards. The storage hazards are also increased; there would be much less l ikel i -
hood of leakage or spi l lage of t rr i  contaminated water (which has a radioact iv i ty concentrat ion of
0 .75  C i lga l ton)  t f  f t  cou tO remai i r  in  the  reac tor  bu i ld ing  basement  un t i ' l  i t  was  processed.  Use
of  Un i t  i  fac i l ' i t i es  i s  very  undes i rab le  and wou ld  by  t rans fer r ing  rad ioac t ive  acc ident  water
jncrease the extent of contamjnat ion and jncrease potent jal  hazards from accidental  releases by
signif icant amounts. For these reasons, rapid transfer of the contaminated water into exist ing
st6rage faci l j t ies should be considered only as an emergency -measure. in case some unforeseen
situai ion (such as najor leakage from the bui lding to the environment) made necessary the rap' id
removal of the contaminated water from the basement for temporary storage elsewhere.
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Sone of the preceeding ob. iect ions could be el iminated by bui lding new storage faci l i t ies sP-e-
cia ' l ly designed to reieivd the contaminated water in the reactor bui lding basement.  Heavi ly
shielded and leakproof tank, piping, and valves that would withstand earthquake;,  tornados,-and
floods would have to be desijned and constructed at some 

'location outside any of the existing
bui ldings but within a control led vent i lat ion stnucture. An extended period would be require_d_
for planning and construction, and even with the utmost care, the hazards from leakage and sp_il' l-
age from a tank located outside of the AFHB or reactor building would be much greater than for
the alternative of leaving the water in the reactor building basemenu until the water was ero-
cessed.

Rapid renoval of a fraction of the sump w;.ter to one or more of the Unit-2 reactor coolant bleed
holdup (RCBH) tanks is a less hazardous and more practical operation. Ther'e are three RCBH
tanks, each with a capacity of 77,250 gal lons, located in shielded cubicles in the auxi l iary
building. Even though this option does involve so!?.e increase in the spread of radioactiyity_g1d
in the hazards of le ikage or spi l lage, su.-h spi l ls would be1imited to a part  of  the AFHB. This
alternative of partial removal could be used (1) to permit the addition of water from other
deconrarhinat ion act iv i t ies to the basement inventory without increasing the waier 1evel,  or
(2) to accelerate the basement draining schedule above that which would be possible i f  the other,
slower water-removal a'ltennatives were used.

Processing of the sump water as it is removed is considered by the staff to be a pract,cal alter-
nat ive. For a processing rate of 2.5 gal lons per minute, which is the expected average proces-
sing rate for planned processing systens (see Sec. 7.1.3),  the processing t ime for the water now
in the basement wou'ld be about seven months. This time would be increased by one month for every
100,000 gallons of water added from der-ontamination operations at the 305-ft and higher eleva-
t ions  in  the  bu i ld ing .

If the feed-and-bleed alternatives were used to reduce the contamination jn the sump water (other
than tr i t ium) by a factor of 106, which is the approximate reduct jon in dissolved radionucl ides
in the eff luents fron a processing system with decontaminat ion factors comparable to EPIC0R II ,
seven years would be required.* A var iant of  this al ternat ive would be to use a feed-and-bleed
operation for a shorter period of time to partially reduce contaminant concentrations and then
implement a second al ternat ive to complete the processing.

Transfer Alternat ives. Four transfer al ternat ives for removing water from the reactor
l u i l d f f i s i d e r e d b y t h e s t a f f a n d j u d g e d t o b e p r a c t i c a b l e : ( 1 ) r e m o v e t h e
water through the exist ing 4- inch-djameter surnp pump discharge p' ipel ine from the reactor bui ' l , l ing
sump into the AFHB; (2) instal l  a new submersible pump and discharge system in the sump or on the
basement f loor;  (3) adapt the 18-inch-diameter sump discharge l ines that feed the reactor uui ld-
ing spray system and decay heat removal systen to divert sump water to the liquid waste process-
ing system, or (4) use a surface suct ion system inside the reactor bui lding to transfer sump
water to the tank fanm.

The exist ing sump pumps in the reactor bui lding basement cannot be used because they are under
water and are not operable. The pump in Alternat ive 1 would be locatecl  in the auxi l iary bui lding
and could discharge into a l iquid waste col lect ion header in the same area. The use of an exis-
t ing pump, l rc-P-l ,  located in the auxi l iary bui lding at an elevat ion of 28L f t  was considered..
Use of this part icular pump presents two disadvantages: (1) when t le sump water level dropped
below 281 f t ,  air  could be drawn in through the spray header and val '  BS-V-I (v ' ia air  leakage),
which could air-bind pump }JG-P-l ;  and (2) sump water and sludge would pass through the reactor
bui lding spray pump, BS-P-l ,  and s' ludge would accumulate in this pump, thereby creat ing a signi-
f icant source of radioact iv i ty.  A more pract ical  var iant of  al ternat ive 1 would be to use a pump
simi lar to bJG-P-1 in a reactor bui lding spray pump vault ,  which is located in the aux' i l iary
bui ld ' ing at the 25&\-t t  elevat ion. This would el iminate the potent ial  air-binding problem
(because the pump would be below the bottom of the reactor bui ld. ing sump at 276r-t t )  and sludge-
bui ldup problem (because the BS-P-1 pump couid be bypassed).

Timing Alternat ives" The bounding cases for t iming al ternat ives that involve basement
d e c o n f f i n s a r e : ( 1 ) c o o r d i n a t e w a t e r r e m o v a . | a n d d e c o n t a m j n a t i o n o p e r a t j o n s s o
that t t re water surface does not r ise abov,e the cument level (which was 290.55 f t  on January 8,

xI f  the water  used for  decontaminat ion operat ions at  h igher  bui ld ing e levat ions were a l lowed to
dra jn in to the basement ,  th is  t ime would lbe increased.
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1980,  and r is ing at  a rate of  about  0.06 f t lmonth because of  leakage of  about  5000 gal lons.per

month f rom the reactor  cool ing system);  or  (2)  proceed wi th decontaminat ion act iv i t ies wi thout

regard to the vrater leve'l in the basement.

A net increase in the amount of water in the brsement would cause the water level to reach the

io i iowing cni t ica l  points:  40,000 gal lons would br ing the water  level  to  the center l ine of  one

of the v-alves, DH-Vi-171, that cont-rols the flow of wlter from the primar-y sy_st9m to the.mini--

decay-heat- removal  systen (MDHRS);  115,000 gal lons would br ing the water  level  to  the bot tom of

the Penetrat ion 401,1 170,d00 gai ions woutd br ing the water  level  to  the bot tom of  equipnent  that

openates DH-V!-171;  and i ,270,-000 gal lcns would br ing the water  level  to  the 305-f t  e levat ion.
T'he decay heat valves inside itre reactor building that control water f low to the MDHRS are now

open so itrat ttre tl$HRS is operable. These valves might operate under water' although they were

not  designed for  such operai ion,  but  they could not  be c losed i f  the water  Ievel  reached the

operat iu i  equipment .  The only valve that  would then be avai ' lab le to contro l  f low to the MDHRS
and iso l i te 'any leaks that  might  develop downl ine f rom the decay heat  va lves would be DHV-3'
whrch is  located outs ide of  the reactor  bui ld ing.

Coordination of water removal with remote wash operat' ions in such a manner that the amount of
water  in  the basement  d id not  increase by more than l -00,000 gal lons ( in  order  to avoid f looding
of  penetrat ion 401) and preferably less than 40,C00 ga11ons,  would be the maior  concern for  the
t iming a l ternat ives.  A remote wash could add f rom 60,000 to 360,000 gal ' lons of  water  to the sump
in a 

-per iod 
of  a few days;  hence,  i t  might  be necessar l ,  to  remove up to 260,000 gal lon_s_before a

renot6 wash could be jn i t ia ted.  The staf f  considers i t  un l ike ly  that  a remote wash wj l l  be done'
fon reasons d iscussed below under remote decontaminat ion a l ternat ives.

I f  water  removal  s tar ted before semiremote decontamjnat ion operat ions on the upper levels ,  the
l rater  

' le 'eel  
in  the basement  should not  r ise as a consequence of  these operat ' ions.  The water

nemoval  rate is  expected to average 2.5 gpm. The water  je t  used' in  sent j remote wa;h ing operat ions
has a f low rate of  7 gpm, but  i t  is  operated in termi t tent ly ;  dra in ing-of  water  in to the basement
as a resul t  o f  water  le t  use presents no problem re lat ive to increasjng the water  level  as iong
as the water  je t  is  not  turned on mor€ than about  8 hours dur ing each 24-hour per iod '  -  I f .water
removal were dilayed unti l after semjremote decontamination operations were underway, it might be

necessary to tranlfer some of the sump water to the reactor coolant bleed holdup tanks.

gther  t iming a l ternat ives that  would not  d i rect ly  af fect  decontaminat ion operat ions in  the base-
ment  are d i lcussed below in connect ion wi th decontaminat ion operat ions on the upper levels '

Backf i l l i lg  Al tgrnat ' lJee.  Current ly  the sump water-  js  the major  soufce of  radjat ion in  the

b a s e m f f i s b e e n p u m p e d o u t , t h e m a j o r s o u r c e o f r a d j a t i o n i n t h e b a s e m e n t
wi l l  be exposed deposi ts  of  s ludge and other  sur face contaminat ion.  The two pr inc ipal  a l ter-
nat ives fo i . reducing the radiat jon exposure f rom s ludge and contaminated sur faces exposed by
pemoval  of  the water  would be to (1)  proceed immediate ly  wi th removal  of  the s ludge and Cecon-
taminat jon of  the exposed sur faces in  the basement ,  or  (2)  backf i l l  the basement  w' i th  c lean or
processed water  in  order  to reduce radiat jon levels whi ' le  decontaminat ion work on other  levels  is

in  progress.  The staf f  has est imated i ;hat  the radiat ion levels at  the unders ide of  the f loor  at
the '305- f t  e levat ion f rom the exposed deposi ts  in  the basement  could be up to three t imes less
than the radiat jon levels  f rom the sump water  before i t  was removed.  The radjat jon levels  at  the
305-f t  and h igher  e levat ions are,  therefore,  expected to decrease uni formly as t -he water  is
pumped out  and-  the basement  is  decontaminated.  Backf i i f ing the basement  would delay c leanup of

the 'basement  and increase the amount  of  water  that  requi red processing.

The  th i ckes t  depos ' i t s  o f  s l udge  a re  expec ted  to  be  j n  t he  reac to r  bu i l d i ng . sump '  wh i ch  i s  a_p ' i t
6  f t  deep,  7 f t  wide and 8 f t  long wi th a capaci ty  of  2500 gal lons located in  the basement  f loor

*Penetrat ion 401 is a penetrat ' ion through the 4-f t- thick outer wal l  of  the reactor bui lding.
I t  has  a  d iameter  o f  a t ,ou t  2 .7  inches  a t  the  ins ide  wa l l .  I t  j s  norma ' l1y  c losed w i th  an
air t ight and watert ight seal.  I t  can be used to insert  instruments or retr ieve air  or water
sampl6s; i t  is cumently being used for instruments thai  measure the water level.  I t  is pro-
posbO to be modjf ied by adding a welded closure assembly to el iminate the potent ial  for
i looding through Lhe pbnetrat ion without el iminat ing the capabi l i ty for making water- level
measurements. ls
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just  nor th of  the center  of  the D-r ing.  Backf i l l ing only the sump wi th
to reduce exposure f rom th is  source would be a pract ica l  and desi rable
inter fere wi th c leanup operat ions in  the remainder of  the basement  area.

c lean or  processed water
procedure that  would not

Al ternat ives for  Removing ! [e  9 ludge.  The a l ternat ives for  removing the s]udge t roq the rear tor
� f o r t h e A F H B , e x c e p t t h a t i n t h e r e a c t o r b u i 1 d - i n g t h e s l u d g e
might  be deposi ted over  a much larger  area.  However,  nei ther  the actual  amount  nor  d is t r ibut ion
of  the s ludge in the reactor  bui ld ing is  known.

I f  i t  is  assumed that  the amount  of  s ludge,  which consists  of  par t icu late nat ter  washed down f rom
bui ld ing and equipment  sunfaces,  is  proport ional  to  the buj ld ing and equipment  sur ' face area,  and
that  condi t ions are comparable in  the AFHB and reactor  bui ' ld ing,  then the amount  of  wet  s ludge in
the reactor  bui ld ing wi l l  be about  two-th j rds of  the amount  in  the AFHB, or  about  100 f t3 .  This
is  probably an overest imate because a lmost  a l l  o f  the sur faces in  the reactor  bui ld ing had been
pa ' i n ted  o r  o the rw ise  f i n i shed  i n  a  manner  t ha t  wou ld  f ac i l i t a te  decon tam ina t i on ,  wh i l e  a  l a rge
fract ion of  the sur faces in  the AFHB is  unpainted concrete,  which s loughs of f  more par t icu late
matter .  In  addi t ion,  there was an unf in ished par t  of  the f loor  in  the AFHB that  contr ibuted a
large par t  of  the cement  res idue,  and there vJere ion-exchange res in beads present .  There were no
unf in ished sect ions of  f loor  in  the reactor"  bui ld ing and no means by which ion-exchange res ins
could contr ibute to the s ludge.

The concentrat ion of  radioact iv i ty  in  the s ludge can be expected to be aSout  the same as the
concentrat ion of  radioact iv i ty  in  sol ids f i l tered f rom the sump water ' .  The radioact iv i ty  of
f i l t e rab le  so l i ds  i n  t he  reac to r  bu i l d i ng  sump wa te r  was  1 .6  C i / f t 3  on  Ju ' l y  1 ,  1980 .16  The
isotopic d is t r ibut ion for  the reactor  bui ld ing s iudge js  assumed by the staf f  to  be the same as
fo r  t he  f i l t e rab le  so l i ds  i n  t he  reac to r  bu i l d ' i ng  sump  wa te r . x

Agi tat ion of  the sump vJater  as i t  was being removed in order  to resuspend as much of  the s ludge
as possib le and remove i t  wi th the water  was considered by the staf f ;  however,  i t  appears
unl ike ly  that  th is  method would be usefu l  when the water  level  was h igh enough to cover  the
ent i re basement  f loor .  Agi tat ion of  the water  jn  the basement  would have to be by remote means,
ano i t  would be impract ica l  to  prov ide suf f ic jent  agi tat ion to remove s ludge deposi ts  f rom al l
sur faces in  the basement  as the water  receded.

Agi tat ron is  expected to be most  usefu l  toward the end of  the water  removal  operat ions when the
only remain ing water  is  in  ihe sump, which may conta. in  an appreciable accumulat ion of  s ludge.  A
water  je t  is  expected to be the most  ef fect ive means for  washing i ;he s ludge f rom the remainder of
the basenent  in to the sump where i t  can be removed by any of  the a l ternat ive methods d jscussed in
S e c t i o n  5 . L . 2 . 2 .

Al ternat ives for  Sur face Decontaminat ion.  Af ter  the water  and s ludge had been removed f ron the
E s e m e n t ' t h - ; E f f i n a t . i n g t h e s u r f a c e s w o u . | d b e t h e S a m e a s t h o s e d i s c u s s e d
below for  decontaminat ing the sur faces at  the upper levels ,  except  that  the remote wash a l terna-
t i ve  wou ' l d  no t  be  app l i cab le ,  and  i t  m ' i gh t  be  des i rab le  t o  use  a  h igh -p ressu re  (10 ,000  ps i )  wa te r
jet  in  addi t ion to the moderate-pressure (1200 psi )  water  je t  used in the AFHB.

Al ter la t ives for  Decontaminat ing ihe Upper Levels (305- f t  and Higher)

The a ' l ternat ives considered by the staf f  fo l  decontaminat ion operat ions on the 305-f t  and h ' igher
l eve l s  i n  t he  reac to r  bu i l d ' i ng  i nvo l ve  (1 )  coo rd ina t i on  o f  t asks  on  the  basen -n t  and  uppe r
ievels;  and (2)  the methods used for  sur face decontaminat . ion.

Coordinat ion Al ternat ives.  The major  coordinat ion a l ternat ives concern the t imir rg of  the star t
on  the  uppe r  l eve l s  re la t i ve  t o  comp le t i on  o f  i n i t i a l  c l eanupof  decontaminat ion operat ions

ope ra t i ons  i n  t he  basemen t .  The  re fe rence  t ime  fo r  d j s t i ngu i sh ing  a l t e rna t j ves  i s  che  t ime  a t
whjch c leanup of  the basement  has proceeded to the point  that  the contr ibut jon to the radiat ion
f ie lds on the upper e levat ions f rom sources in  the basement  is  smal l  compareo to the contr ibut ion

*Two  measu remen ts  o f  t he  f i l t e rab le  so l i ds  i n  t he  reac to r  bu i i d i ng  sump
January 30,1981;  one repor ted in  February 1980;17 the other  repor ted
July 1980 measurements were on a sample taken f rom near the bot tom of
to be more representat ive of  the propert ies of  the s ludge.

were avaヽ 丹able a5 0f
in July 1980,16  The
the sump and are expected
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f rom plateout  on the wal ls  and f loors of  the upper e levat ions.  Tenfo ld reduct ion in  the overa ' l l
s t renl th of  radiat ion sources in  the basement  would be suf f ic ient  for  th is  purpose and c_ould be
accomf l ished e ' i ther  by removing the water  and s ludge f rom the basement  (except  for  the s ludge in
the  sump i t se l f ,  wh i ch  cou ld  be  sh je lded  by  back f i l l i ng  o r  by  o the r  means )  and  wash ing  down-some
or= the host  h ignly  contaminated sur faces ( i f  water  and s ludge removal  a lone were not  suf f ic ient)
or  by a feed-a-nd-bleeA operat ion at  an average rate of  2.5 gpm over  a per iod of  15 months (see

d i scuss ion  above  unde r  "Aa te  A l t e rna t i ves r ' ) .  
-Th i s  

reduc t i on  o f  t he  rad ia t i on  sou rce  s t reng th  i n
the basement  by a factor  of  10 or  more,  by whatever  means,  is  referred to in  th is  sect ion as the
" in i t ia l  c leanup" of  the basement .

The major  coordinat ion a l ternat ives considered by the staf f  are:  (1)  defer  the star t  o f  decon-
tam ina i i on  t asks  on  the  uppe r  e leva t i ons  o f  t he  bu i l d i ngs  un t i l  t he  i n i t i a l  c l eanup  o f  t he  base -
men t  i s  comp le ted ;  o r  (2 )  beg in  decon tam ' i na t i on  o f  t he  uppe r  e leva t i ons  be fo re  i n j t i a l  c l eanup
operat ions in  the basement  have star ted.  There is ,  o f  course,  an in termediate range of_al terna-
t ives in  whjch decontaminat ion at  upper e levat ions would begin at ' ter  in i t ia l  basement  c leanup had
been star ted but  before i t  had been completed.  Another  in termediate a l ternat ive would be an
imned ia te  p re l im ina ry  decon tam ina t i on  o f  t he  f l oo rs  a lone  (on  wh ich  the  p la teou t  ac t i v i t y  i s
100  t imes  l a rge r  t han  on  the  we l l s - - ( see  Sec .  5 .2 . I . 3 ) ,  w i t h  f u r t he r  decon tam ina t j on  o f  t he  uppe r
leve ' ls  deferred unt i l  in i t ia l  c leanup of  the basement  was completed.  The a l ternat ives (1)  and
(2)  above represent  bounding cases.

The  on l y  res t r i c t i ons  on  coo rd ina t i on  a l t e rna t j ves  t ha t  seem app rop r i a te  j n  t he  l i gh t  o f  i n fo r -
mat ion avai lable at  the t ime th is  document  was prepared (other  than ALARA considerat ions for
ove ra l l  p ' l ann ing )  a re  t ha t  t he  wa te r  l eve l  i n  t he  reac to r  bu i l d i ng  basemen t  shou ld  no t  be  a l l owed
to reach an e levat ion of  291.85 f t  (which can be accompl ished by not  a l low' ing the amount  of  water
in the basement  to increase by more than about  100,000 gal lons) ,  and that  the reactor  pressure
vesse' l  head should not  be removed unt i l  about  300,000 gal lons of  sump water  f rom the basement
( together  wi th any water  that  might  be added f rom decontaminat ion act iv i t ies)  have been pro-
ces ied .  Th i s  amoun t  o f  wa te r ,  p l us  t he  743 ,000  ga l l ons  o f  wa te r  a l ready  p rocessed  by  EP ICOR I I '
a re  needed  fo r  t he  spen t  f ue l  poo1s ,  cask  p i t ,  and  fue l  t r ans fe r  cana ' l .  These  fac j l i t i es  mus t  be
f i l led wj th about  1,040,000 gal lons of  water  before the reactor  pressure vessel  head is  removec
and  de fue l i ng  ope ra t i ons  commence .  I f  de fue l i ng  ope ra t i ons  began  be fo re  300 ,000  ga l l ons  o - f
processed water  f rom the basement  were avai labie,  j t  would be necessary to use a corresponding
amoun t  o f  c l ean  wa te r .  Th i s  wou ld  cause  an  undes i rab le  i nc rease  i n  t he  amoun t  o f  t r i t i um-con tam ina ted
water  that  would have to be stored or  d isposed of  af ter  c leanup operat ions were completed.

Surface Decontaminat ion Al ternat ives.  The pr imary decontamjnat jon task r rn the 305-f t  and h igher
e 1 E f f i n s o @ i s d e c o n t a m i n a t i o n o f s u r f a c e s ' T h e m e t h o d s a v a i l a b l e f o r
th i s  t ask  may  be  c lass i f i ed  as  remo te ,  sem i remo te ,  and  hands -on  ca tego r i es .

Remote  Decon tam jna t i on  A l t e rna t i ves .  I n  t he  s ta f f ' s  j udgmen t  and  based  on  cu r ren t l y  ava i l -
a o 1 e � i s n o t a n e s s e n t j a 1 s t e p j n t h e c 1 e a n u p o f t h e u p p e r
e leva t i ons  o f  t he  reac to r  bu i l d i ng ;  howeve r ,  i n  t he  even t  t ha t  a  dec i s j on  j s  made  to  ca r r y  ou t  a
remote decontaminat ion step,  the staf f  has examined two a l ternat ives:  (1)  remote wash,  and
(2 )  use  o f  r obo ts .

The reactor  bui ld ing spray system, which can be operatec i  remotely  f rom ou'us jde the bui ld ing,
cou ld  be  used  to  ca r r y  ou t  a  remo te  wash .  Th i s  sys tem i s  s im j l a r  t o  t he  sp r i nk le r  sys tems  used
in  pub l i c  bu i l d i ngs ,  excep t  t ha t  t he  f l ow  o f  wa te r . i s  much  g rea te r .  I t  can  be  mod i f i ed  f o r  s team
in jecL ion ,  a l t hough  th j s  i nvo l ves  some worke r  exposu re  because  the  sp ray  nozz les  mus t  be  changed .
The  s ta f f  cons ide rs  t he  fo l l ow ing  a l t e rna t i ves  t o  be  p rac t i cab le :  ( 1 )  ove rhead  sp ray  de luge ;
(2)  overhead steam in ject ion through the t ru i ld ing spray system; (3)  a low-elevat ion saturated
s team in jec t i on . i n to  t he  bu i l d i ng  a tmosphe r re  (wh i ch  wou ld  a l so  i nvo l ve  wo rke r  exposu re  du r i ng
ins ta l l a t i on )  and  (4 )  a  comb ina t i on  o f  t he  f i r s t  and  t . h i r d  a ' l t e rna t j ves .

The  p r imary  advan tages  o f  a  remo te  wash  i : ;  t ha t  i t  wou ld  p rov ide  an  j n j t j a l  r educ t i on  j n  rad ja -
t i on  l eve l i  w i t h  ve ry  f i t t l e  wo rke r  exposu re .  The  d i sadvan tages  a re  t ha t  a . l a rge  vo lume  o f  wa te r
would be generated ind only the dome area could be decontaminated;  there is  no spray system
ins ta l l ed  be low  the  347 - f t  e l eva t i on ,  wh ' i ch  i s  t he  f l oo r  o f  t he  dome a rea .  The  wa l l s  i n  t he  dome
area are much less contaminated than the f loors,  probab1y because they a l ready have been par-

t i a i l y  washed  by  condensa t i on  f r om the  bu i l d i ng  a tmosphe re  (wh ' i ch  has  been  a t  100  pe rcen t  humjd -
i ty  fbr  much o l  the t ime);  hence the decontaminat jon factor  for  a remote wash may be lower than
i s  u s u a l  ( i . e . ,  2  t o  l 0 )  f o r  s u c h  o p e r a t i o n s .

・≧造
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The use of detergents or chemicals rather than processed water for the remote wash was considered
by the staff, but will not be pursued further because the large amounts of detergent or chemica15
required would severely compllcate the eventual processing of the wash water.

The use of robots for remote decontamination was not considered further for the following rea‐
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nation of high radSation areas where shielding is not feasible.

Semiremcte Decontaninatfon Alternativeso   Semiremote decontaminatlon operations requtre the
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other methods, such as ice blasting or the use l

and any of them may be used.                                                       .

Some of the procedures that normally involve hands― on techniques could a150 be dOne semiremotely.

For example, commerctal equipment that c3, Perform scrubbing and wet― vacuuming operations on

floors automatically under remote c「 i,trOl are available and may provide a practical means for

reducing operator exposure for these operations.

Hands― on Decontaminationa  The hands― on phase of decontamination would be lnstituted when remote
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reduce the plateout to acceptable levels.  However, there are some areas (for eXamp]e, part of

the surface area of the wall in the enclosed stairwe]1) whel｀ e removal of 30me Of the materia]

Deneath the surface may be required.  5ome areas ln the basement that have been lmmersed in
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5.2.2.2  Equipment Decontamination
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n t a t t n a t e d  b y  a  v a t t e t y  o f  m e t h oはT h e  t t t e‖
been used in Previcus decontamination operations

(See Sec, 1.5).  The alternative methods fOr decontamination of sur'faces are the same as those
discussed in Section 5.1.2.1,

.  I n -p ' l  ace  deco r tem ' i  na rL ' !  ! n .  Th i s  a l t e rna t i ve  wou ld  i nvo l ve  use  o f  hands -on  techn iques .

.  Loca l  demoun t i nq  and  re ins ta l l a t i on .  Th i s  t echn ique  wou ld  i nco rpo ra te  d i sassemb ly
ues '

.  Remova l  f o r  decon tam ina t i on  ou ts ide  o f  t he  reac to r  bu i l d i ng .  The  equ ipmen t  wou ld  be
decontaminated remotelY or

w i th  hands -on  techn iques .
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Disposal .  This  opt ion would be appropr ia ie where replacement  was more cost  ef fect ive
than decontaminat ion.

5 .2 .2 .3  New Fac i ' l  i t i es  Needed

A la rge -sca le  equ ipmen t  hand l i ng  and  t rans fe r  capab i l i t y  i n  a  con ta inmen t  se rv i ce  bu i l d i ng  wou ld
be required for temporany storage and movement of equipment and decontamination of the reactor
bu i l d i ng .  The  m in imum requ i remen ts  o f  t h i s  con ta inmen t  se rv i ce  bu i l d i ng  wou ld  be  to  se rve  as  an
extended barr ien,  as an a i r lock,  and as an in ter face bui ld ing.  The a l ternat ives considered by
the staf f  for  fu l f i l l ing these requi rements are:

.  A  med jum-s i ze ,  med ium- in teg r i t y ,  s tee l - f r ane ,  me ta l - s i ded  bu i l d i ng  des igned  to  p rov ide
proper contro l  o f  contaminat ion and to prov ide min imal  processing area.

.  A larger ,  medium-integr i ty  bui ld ing s imi ' lar  to  that  above designed to prov ide space
that  would permi t  more processing and ease congest ion.

5 -2 .3  De ta i ' l s  o f  Me thods  and  Fac i l i t i es

5 .2 .3 .1  Desc r i p t i ons  o f  Me thods  and  Fac i l i t i es

Descr ipt ions of  those feasib le methods for  decontaminat ing the reactor  bui ld jng that  were l is ted
and descr ibed br ief ly  in  Sect ion 5.2.2 and are most  l ike ' ly  to  be used are g iven below. Descr ip-
t ions of  the enclosures that  would be needed to contro l  the spread of  contaminat ion,  deta i ls  of
the equipment  and of  the decontaminat ion procedures for  the equipment ,  and descr ipt ions .and
diagrams of  the conta inment  serv ice bui ld ing needed to contro l  access to the reactor  bui ld ing and
provide a staging area a lso are g iven below. Examples of  successfu l  decontaminat ions us ing some
of  these techniques are g iven in Sect ion 1.5.

Semi remote Decontami nation

Semiremote decontaminat ion techniques involve the use of  equipment  that  permi ts  the operators to
stay some dis tance f rom the rad ' ia t ion source.  Exper ience has shown that  i t  is  most  ef fect ive to
remove a l l  loose mater ia ls  and debr is  before these techniques are used (see Sec.  

. | .5) .  
Hot  spots

are shie lded e i ther  before or  whi le  the semiremote decontaminat ion is  being conducted and then
are decontaminated later when the general background dose rates are lower.

For  the semiremote decontaminat ion methods,  the use of  a holdback-carr ier  so lut ion consist ing of
one mi l l igram of  nonradioact ive cesium per  l i ter  of  reprocessed water  is  advantageous in large-
sca le  c l eanups .  The  ho ldback  ca r r i e r  wo rks  as  f o l l ows :  enough  non rad ioac t i ve  ces ium i s  added  to
the base l iqu id so that  the number of  atoms of  inact ive cesium in the solut ion wi l l  far  exceed
the number of  atoms of  radioact ive cesium on the sur face.  As the holdback-carr ier  so lut ion is
washed down a contaminated wal l ,  the radioact ive cesjum on the wal l  is  replaced by nonradioact ive
cesium. By us ing holdback carr iers,  the contaminant  t ransferred to the wash is  more 1 ike1y to
remain in  solut ion than to be redeposi ted on the sur face.  Hose wash and h igh-pressure water  je t
operat ions are sui table for  use of  holdback-carr ier  so lut ions.  0ther  semiremote operat ions
considered are steam c leaning,  sandblast ing,  and vacuum blast ing.

Hose tJash.  As a decontaminat ion method,  hcse wash of fers some advantages in terms of  f low rate
conf f i l  ,  f tow pat tern,  and d i rect ional  propert ies.  These factors are especia l  1y advantageous for
decontaminat ion of  hard- to-reach areas.  However,  because of  low impact  forces,  hose wash is  less
ef fect ive as a general  decontaminat ion technique than the other  methods considered.  In  fact ,  i f
the sur face being c leaned is  covered wi th o i l  or  grease,  hose wash js  jnef fect ive.  Depending on
condi t ions,  hose wash decontaminat ion factors range f rom 2 to 100.  F low rates for  hose wash are
typical ly  about  50 gpm.

The hose-wash f low pat tern can be a sol id  s t ream, a spray fan,  or  sur face i r r igat ion.  Sol ' id-
st ream washing is  used to forcefu l ly  penetrate and d issolve encrusted mater ia l  and to t ransport
pooled or  p i led contaninants toward dra ' ins.  A por t ion of  reactor .bui ld ' i .ng sur face contaminants
. , r i l l  be  comb ined  w i th  bo ra te  f i lms  and  sod ium hyd rox ide  to  f o rm  "8o rax " ,  wh i ch  i s  so lub le  i n
water .  Hose wash is ,  therefore,  a major  c leanup tool  in  the bui ld ingr . 'qu ipment  c leanup task and
wi l l  be par t icu lar ly  ef fect ive on those sur faces that  were not  adequate ly  c leaned by means of
remote decontaminat ion.  The spray fan 1 ' low pat tern prov ides wide area coverage wi th low splat -
ter .  Sur face imigat ion nozzle oat terns,  prov ide a mi ld f lush act jon wi th no splat ter .  The fan
pa t te rn  i s  expec ted  to  p rov ide  r rnse  ac t i on  f o l l ow ing  so l i d - s t ream wash .  Su r face ' i r r i ga t i on  may
be used to gent ly  f lush contaminat ion to lower e levat ions.
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Water Jet.  High-pressure water jets* consist  of  a high-pressure posit ive-displac_em-ent pump with
E-Ti iF-crr  gun for del ivery. The unit  can produce water pressures as high as 15,000 psi ,  but
pressures of less than 10,000 ps' i  are more typical .  Pressures of 1000 psi  are common in low-
pressure units.  The high impact force of these units makes them effect ive tools for removal of
hand-to-remove contami nati on.

The volume of  water  emi t ted per  uni t  t ime is  a funct ion of  the del ivery pressure and the nozz ' le
opening.  However,  the tota l  vo lune of  water  requi red to complete a g iven task is  approximately
equal  us ing e i ther  h igh-  or  low-pressure water  je t  uni ts .

The select ive use of  nozzles improves decontaminat ion ef f ic iency by matching nozzle f low pat terns
to speci f ic  work tasks.  For  example,  the s lot ted fan spray nozzle wi th i ts  kn i fe edge pat tern is
t yp i ca l l y  used  fo r  desca l i ng  app ' l i ca t i ons ,  wh i l e  t he  c i r cu la r  nozz le  (us ing  h igh  p ressu res )
provides a h igh impact  s t ream at  d is tances up to f ive meters.  The h igher  pressures wi l l  descale
paints and remove oxide f i lms.  High-pressure water  je ts  create splat ter  and can redis t r ibute
contaminants to other  locat ions on the same sur face.  This character is t ic  can be min imized by
carefu l  pressure ss lgst . ion.  A water  je t  uni t  can be equipped wi th a nozzle brake for  more pre-
c ise contro l  a t  the sacr i f ice of  some del ivery pressure.  l {a ter  je ts  can be turret -mounted to
reduce operator  fa t igue dur ing long hours of  use.  Uni t  posi t ion ing may be assis ted by crane or
use of  movable p lat forms on wheels.

l {h i le  the water  je t  may y ie ld h igh decontaminat jon factors ( typ ical ly  exceeding 1000),  u l t imate
deposi t ion of  scat tered contaminants is  not  complete ly  contro l lab le,  and at  h igh pressures the
potent ' ia l  for  creat ing h igh concentrat jons of  a i rborne radionucl ' ides is 's t rong.  The use of  lower
pressures to improve ?ont- ro l  might  extend the length of  the immediate ta 's f ,  Out  as a t radeof f  i t

wi l l  reduce unwanted s ide ef fects.  The use of  radio l^g ical  conf ineme.*- ,  such as temporary bar l i -
e r s ,  i so la t i on ,  and  co l l ec t i on  shee ts ,  i s  essen t i a l  du r i ng  h igh -p ressu re  wa te r  wash ing .

Steam Jet .  Steam-jet  decontdminat ion js  s imi lar  to  water- je t  decontaminat ion.  Water  or  reagents
are Int , roOuced into an in jector  system and mixed wi th s team. The water-steam mixture is  expel led
th rough  a  nozz le .  The  de l i ve ry  p ressu re  i s  con t ro l l ab le  f r om a tmosphe r i c  t o  ve ry  h igh ,  bu t  i s
t yp i ca l l y  l ess  t han  l 0 !0  ps i .  The  vo lume  o f  wa te r  de l i ve red  i s  usua l l y  g rea te r  t han  tha t  f o r
water  je t .  The del ' ivery rate ' is  about  16 gpm at  250 psi  and 19 gpm at  400 1si .  Steam-jet  appl i -
cat ion of  decontaminat ion reagents is  best  done at  low veloc i ty .

The paths of  the waste solut ions and removed contaminat ion f rom steam-jet  decontaminat jon are the
same as for  the previously  descr ibed hose and w: ter- je t  washing.  The potent ' ia l  for  greater
l iqu id-waste generat ion must  be ba ' lanced against  the potent ia l  for  a h igher  decontaninat ion
factor.

The heated solut ion may provide a h igher  decontaminat ion factor  and the lower pressure reduces
splat ter  and subsequent ,  d ispers ion of  the removed contaminants.  This technique provides tet ter
contro l  than a water  je t  but  may not  prov ide the necessary abrasive force to remove contaminants.
The dr iv ing uni t  is  usual ly  the water  and steam pressure;  whereas the water  je t  requi res a posi -
t ive d isp lacement  pump. /
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Low Pressure Hot Water Mist ing and Washing. In this
s imi  la r  to

use of hot water makes it more effective for surfaces
mist rather than a stream of water reduces the volume

Steam-jet  c leaning is  best  appl ied to c leanup
th is  end the steam jet  may be more ef fect ive
ment ,  as wel l  as areas near such componert ts .
eas i l y  c l eaned  o r  d i sso l ved  ' us ing  th i s  me thod
sol  ut i  on.

method the wateri s applied by means of a
a hose wash,  wi th the d i f ference that  the
covered wi th o i l  or  grease and the use of  a
of  water  used.

o f  ? reas  con ta in ing  o i1  and  g rease  depos i t s .  To
fo r  c l ean ing  f i xed  pump and  o i ' l - l ub r i ca ted  equ ip -
Borate and sodium tet raborate deposi ts  may be more

as a resul t  o f  the e levated temperature of  the

invo ' l  ves i ject ' ion of  s team through a nozzle o i "  lance
Typica ' l  pressures are less than 500 psj .  The genera-
for  th is  method than for  the previously  descr ibed

be referred to merely  as a "water  je t .  "

Steam Cleaning.  The steam-cleaning method
c| i iected toward the sur face to 'be c leaned.
t i on  o f  l i qu id  was te  i s  cons ide rab l y  1e : i s

*The h igh pressure water  je t  wi l l  somet ' imes
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however,  a means must  be provided to f lush or  vacuum the loosened wet  contaminants.  At
the rate of  water  del ivery is  less than 2 gpm.

Steam-cleaning techniques are f requent ly  used for  degreasing and,  therefore,  may lend themselves
to c leaning the same areas and components as d iscussed for  s team jet  c leaning.  For  ef fect ive-
ness,  the nozzle must  be c lose to the sur face,  and as wi th the other  methods,  contam' inant  d is-
pe rs ion  i s  t he  ma jon  d i sadvan tage .  S team c lean ing  i s  espec ia l l y  e f f ec t i ve  ove r  i r r egu la r  su r -
faces and provides min imal  runof f  where other  methods may cause dr ipping or  co l lect ion of  exces-
s ive amounts of  water  in  areas where l iqu ids are undesi rable.

Sandb las t i nq .  Sandb las t  decon tam ina t i on  i s  an  ab ras i ve  c l ean ing  techn ique  i nvo l v i ng  use  o f  a i r
pFt f f idr ive sand par t ic les at  h igh veloc i ty  against  a sur face.  Most  of ten i t  is  a dry
techn ique  w i th  I i t t l e  o r  no  l i qu ids  p roduced .  The  ab ras j ve  ac t i on  can  be  ad jus ted  by  g r i t  s i ze ,
a i r  p ressu re ,  and  s tando f f  d i s tance  to  p rov ide  an  ac t i on  t ha t  w i l l  s cou r ,  peen ,  po l i sh ,  o r  r emove
the sur face mater ia l .  Sandblast ing is  a rapid and ef fect ive decontaminat ion method,  bul  because
of  the abrasive act ion the method is  l imi ted to use on sur faces where roughing does not  destroy
the usefu lness of  the i tem worked on.  A d isadvantage of  sandblast ing is  that  a large volume of
contaminated gr i ts  are generated and must  be d isposed of  as radioact ive waste.  Typical  uses for
sandblast ing are c leanup of  odd-shaped equipment ,  paint  remova' | ,  and c leanup of  metal  and porous
sur faces suih as concrete where deep contaminant  penetrat ion cannot  be removed by l iqu id c leaning
methods.

Ab ras i ve  ac t i on  dun ing  sandb las t i ng ' i s  somewha t  dependen t  on  the  sk i l l  o f  t he  ope ra to r .  Typ i -
cal1y,  sandb' last  a i r  pressures for  s teel  and concrete run up to 90 ps i .  Pressures of  about
50  ps i  p rov ide  scou r i ng  ac t i on ,  and  s t i l l  l ower  p ressu res  may  be  used  on  non fe r rous  me ta l s .  A
sand  g r i t  s i z ' '  o f  20  mesh  i s  usua l l y  qu i t e  damag ing  to  su r faces ,  wh i l e  g r j t s  above  100  mesh
create a par t icu late a i rborne contaminat ion problem. Sandblast ing techniques requi re conf jnement
of  the abrasives.  Movable tent ing is  general ly  used to contro l  dust .  The contamjnated sand may
be col lected and removed by vacuuming.

l , Je t  sandb las t i ng  i s  m i l de r  t han  d ry  sandb las t i ng  and  l ends  i t se l f  be t t e r  t o  comp lex  shapes ;
cracks can be i r r igated when water  is  used as the dr iv ing force.  The water  cyc le of  wet  sand-
b las t i ng  a l so  ac t s  as  a  r i nse  so  tha t  t he  gene ra t i on  o f  a ' i r bo rne  rad ionuc l j des  j s  l ow .

Vacuum B las t j ng .  The  techn iques  o f  vacuum b las t ' i ng ,  w i t h  ab ras i ves  o the r  t han  sand ,  i s  a  p roven
mff ioAl f , l  prov ides for  the reuse of  the abrasive mater ia l  .  In  most  cases,  the abrasives are
steel  shot  or  wi re cuts.  The act ion is  harsh and very ef fect ive.  Reduced pressures can be
employed to scour rather  than remove sur faces.  The removed sur faces,  contaminants,  and pel le ts
or 'cuts are s imul taneously vacuumed up and separated by a cyc lone separator .  The contamjnants
are removed to a specia l ly  protected uni t  chamber.  0n metals ,  the act ion can have a scour ing or
peen ing  e f f ec t .  S ince  the  un i t  can  be  f l oo r  moun ted  o r  hand  he1d ,  i t s  ve rsa t i l i t y  l ends  i t
e i ther  to semiremote or  hands-on methods of  decontaminat ion.  Vacuum blast ing is  most  usefu l  when
the  un i t  can  be  he ld  pe rpend i cu la r  t o  t he  su r face  be ing  c leaned .  0n ' i r r egu la r  su r faces ,  re f l ec -
t i on  o f  ab ras i ves  can  be  a  p rob lem and  vacuum p i ckup  i s  l ess  e f f i c i en t .  The  p r i nc ip le  advan tage
o f  t h i s  me thod  i s  con t ro l  o f  b l as t  dus t ,  wh i ch  i s  nea r ' l y  a l l  r e tu rned  to  t he  un i t .  Ve r l . l i t t l e
dus t  i s  p roduced  when  a  me ta l  ab ras i ve  j s  used ,  and  the  l i f e  o f  t he  ab ras i ve  ma te i i a l  can  be  as
much  as  100  t imes  tha t  o f  sand .  Con f i nemen t ,  t en t s ,  ba r r i e r s ,  e t c . ,  a re  recommended  and  shou ld
be used as standard pract ice.  Decontaminat ion factors wi th vacuum blast  exceed 1000.

Hands-on Decontaminat ion

The  hands -on  e f f o r t  shou ld  be  m in im ized  by  f i r s t  us ing  sem i remo te  decon tam ina t i on  me thods  to  t he
max imum ex ten t  poss ib le  so  as  t o  m in im ize  dose  to  t he  wo rke rs .  The  e f f ec t i ve  use  o f  ba r r i e r s ,
pa r t i t i ons ,  sc reens ,  cu r ta ins ,  and  enc losu res  i s  des i rab le  t o  sepa ra te  wo rk  a reas  ( c l ean  f rom
d i r t y ) ,  pe rm i t  seve ra l  ac t i v i t i es  t o  p roceed  s imu l taneous l y ,  and  m in im ize  recon tam ina t ' i on .

Genera l  su r faces  ( such  as  f l oo rs )  a re  expec ted  to  requ i re  sc rubb ing  e i t he r  by  i ndus t r i a l  f l oo r
sc rubbe rs  o r  by  hand ,  f o l l owed  by  we t  vacuuming ,  and  poss ib le  de te rgen t  c l o th  w ip ing .  A  f i na l
reagent / r inse mopping then would completer  the ef for t .  Any l iqu id or  so l ' id  waste_ generated wou,1d
be  i o l l ec ted  and  d i sposed  o f  by  so l j d i f i ca t j on  o r  compac t i on  j n  a  f o rm  accep tab le  f o r  d i sposa l .

Overhead areas may requi re damp scour ing wi th
H igh -e leva t i on  wo rk  above  f l oo rs  p robab l . y  w i l l
t e l escop ing  p la t f o rms  to  reach  a l l  su r faces .
us ing the crane beams as a staging p lat form.

reagen ts  f o l l owed  by  r i nses  and  c lo th  w ipes .
. i n v o l v e  u s e  o f  b o s u n  c h a j r s ,  s c a f f o l d i n g ,  a n d

The area above the polar  crane may bre reached by
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Aids to prov ide more ef f ic iency in  the hands-on ef for t  inc lude industr ia l  jan ' i tor ia l  equipment
and hand-held automobi le scrubbers and pol ishers.  Appl icat ion of  s t r ippable coat ings or  foamed-
on c leaning agents fo ' l lowed by wet  vacuuming and wip ing reduces scrubbing requi rements.  Gener-
a l ly ,  a  f ina l  wip ing to remove res idual  radioact iv i ty  ( t ransfer- technique) is  more ef fect ive than
repeated r inses.

Areas where paint  is  removed:nay requine immediate seal ing af ter  decontaminat ion.  Depending on
the status of  the reactor  bui ld ing decontaminat ion operat ions,  decontaminated f loors e i ther
should be covered or  kept  c lean wi th o i l -c loth brooms.

To reduce the potent ia l  for  nesuspended radioact iv i ty  in  the basement  f rom migrat ing to other
e levat ions,  th is  level  should be iso lated by means of  barr iers p laced over  penetrat ions in  the
305-f t -e levat ion f loor .  Por table b lower systems wi th HEPA f i l ters could be st rategical ly  p laced
at  the 305-f t  e levat ion wi th ' re lephant  t runki l  duct ing in lets  lowered through the grat ing areas.
These b lower systems would create a negat fve pressure ( in  re lat ion to the 305-f t  e levat ion) ,  and
the local  a i r  f low pat tern would be f rom less to more contaminated areas.

Concurrent  wi th the above task,  eductors could be in t .  oduced into the water  in  the basement .  The
sediment /s ludge would be agi tated by the eductor  system suct ion,  and d ishcarge f rom the system
would pass through screens and shie lded roughing f i l ters to remove sediments and s ludge.  The
ma' in object ive would be to remotely  remove the s ludge and par t icu late contaminat ion f rom the
basement wi th as smal l  a  contr ibut ion to the personnel  dose as reasonably achjevable.  Equipment
s imi lar  to  that  used to vacuum sludges f rom reactor  fuel  s torage pools could be used,  but  the
exposure of  workers to radiat ion would be co- is iderab' ly  h igher .

An a l ternat ive to the agi tator  system is  a h igh-pressure water  je t  coupled to suct ion dredges.
The dredged solut ion would be recycled through a f i l ter  bank system and a por t ion of  the solut ion
used as the l iqu id supply for  the water  je t .  Thjs  method requi res an agi tat ' ion pool  at  least  one
foot  deep to prov ide shie ld ing and to prevent  resuspension.  Dur ing the dredging operat ion,
cei l ings and wal ls  could be decontaminated by semiremote techniques.

The deta i ls  of  methods used for  concrete removal  are descr jbed in Appendix U.

Enc losu res  and  Ba r r i e r s .  Enc losu res  and  ba r r i e r s  cons i s t i ng  o f  po r tab le ,  sem i -a i r t i gh t  sc reens
f f i e d i n o r c l e r t o i n h i b i t t h e s p r e a d o f - c o n t a m i n a t i o n t o p r e - c 1 e i n e d a r e a s .
The f i rs ' "  radio logical  enclosure needed would be for  iso lat ing the encroachment  area.  This
enclosure would be located at  the equipment  hatch.  The equipment  hatch locat ion has a monorai l
ava i l ab le  and  i s  con t i guous  w i th  t he  p lanned  con ta inmen t  se rv i ces  bu i l d i ng .

The enclosure erected for  the encroachment  area would be typ ical  of  other  enclosures used jn the
reactor  bui ld ing except  for  s ize.  The enclosure might  be a waterproof  room constructed of  a
f i re-retardant  wooden f ramework,  wi th polyv iny l  ch lor ide roof  and wal ls .  The f loor  could be
f i t ted and g lued in p lace af ter  the wal ls  were up.  The wal ls  of  such st ructures customar i ly  have
ample c lear  mater ia l  for  v iewing windows inser ted in  opague wal l  panels.  Al l  seams would be
double st i tched,  then coated wi th v iny l  g lue to cover  s t i tch holes.  Each compartment  c ' . ru ld be
equ ipped  w i th  a  b lower  and  rough ing  f i l t e r  so  t ha t  t he  a i r  wou ld  f l ow  f rom the  d i rec t i on  o f  c l ean
areas to contaminated areas.  An a l ternat ive would be to prov ide a b lower f i t ted w' i th  h igh ef f i -
c iency f i l ters (HEPA) in  the last  of  several  connected compartments which,  when actuated,  moved
air  down the chain of  compartments.  This system would establ ish a pressure d i f ference between
compartments,  keeping the d i r ty  sect ions at  negat ive pressure wi th respect  to  the c leaner areas.
Ai r  f low would then a lways be f rom c lean to d ' i r ty ,  thereby inhib i t ing the spread of  contamjna-
t i  on .

I f  enclosures were needed in an area before decontaminat ion could proceed,  shie ld i r rg might  be
required to protect  the workers erect ing the enclosures and those who would work ins ide.  A
low-dens i t y  sh ie ld ing  ma te r i a l  ( e .9 . ,  r ubbe r ,  wood )  wou - td  sh ie ld  ou t  l ow-ene rgy  be ta  rad ia t i on .
A rh in layer  of  a luminum or  s teel  wou' ld  : ;h ie ld out  h igher-energy beta radiat ion.  I f  reduct ion of
gamma radiat ion were requi red,  lead b larrkets,  lead sheet ,  lead br ick,  or  h igh-densigy concrete
blocks would have to be inser ted between the gamma source and the enclosure.  Shie ld ing mater ia ls
shoutd be packaged or  covered to prevenL thei r  contaminat ion.  This would reduce the amount  of
so l i d  was tes .  Fab r i ca ted  s tack  t anks  o r  movab le  f i ve -ga l l on  con ta ine rs  f i l l ed  w i t h  wa te r  m igh t
a lso serve as temporary shie ld ing mater ia ls .

To reduce the possib i l i ty  of  a i rborne contaminat ion f rom af fect ing other  work zones,  the 305-f t
and 347-f t  levels  should be sealed f rom one another  at  the appropr iate t ime.  F loor  gaps could be
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sealed n i th f i re-retardant  mater ia ls ,  polyethy lene!  or  waterproof  tape.  In  areas where I iqu ids
are requi red to f low down the reactor  bui ld ing wai l  and through the f loor  gap,  the seal  could
conta in a s lu ic ing system that  could be opened.  Blower systems wi th HEPA f i l ters located on the
347-f t  anrJ 305- f t  e levat ions would be needed to mainta in the desi red a i r  f low rate and a i r  d i rec-
t ion ( f rom areas of  lower contaminat ion to areas of  h ighen contaminat ion)  between e levat ions and
al low the reactor  bui ld ing cool ing system to funct ion ef fect ive ' ly .  Decontaminat ion of  the spaces
below the 305-f t  level  then could proceed wi thout  recontaminat ion of  the upper levels .  Semi-
remote methods then could be employed to decontaminate ceil ing and wa'l ls exposed above the sump.
The sump would serve as a hold ing reservoi r  for  spent  decontaminat ion l iqu ids and reduce resus-
pension of  a i rborne par t ic les.

Equipment  Oecontaminat ion Al ternat ives

In-Place Decontaminat ion.  In-p lact  decontaminat ion inc ludes hosing,  washing,  brushing,  or  s team
@ t h o u t r e m o v i n 9 i t f r o m t h e i n s t a l l e d p o s i t i o n . T h i s i s t h e f a s t e s t . a n d
least  e ipensivL inethod' i  and involves ihe least  to ta ' l  radiat ion exposure to operat ing personnel ;
however,  the method would l ike ly  ru in some of  the equipment  and would leave contaminat ion in
crev ices,  threaded connect ions,  and areas to which adequate access is  not  possib le.

Examples of  equipment  that  probably could be decontaminated in  p lace are sealed or  enclosed
motors above the f looded level  that  are in  protected ' locat ions,  such as the e levator  dr ive sys-
tems at  the 370-f t  e levat ion level  and motor ized actuators between the 305-f t  and 347-f t  levels
that  would be protected f lom contaminated " ra infa l l "  by the f loor  at  the 347-f t  level .

Local  Demount ing.  This procedure would inc lude the sam,:  methods as d iscussed above,  but  in
addi t ion would involve,  as needed,  demount ing of ,  the equipment  or  adjacent  equipment  to permi t
c ' leEning of  other t r ise inaccessib le locat ions.  Increased radiat ion dose would resul t  f rom the
addl t ional  t ime requi red for  removing the conponents,  especia l ly  i f  these procedures were com-
p1ex .  The .equ ipmen t  wou ld  rema in  demoun ted  un t i l ' a .dec i s i on  on  u l t ima te  use  o f  t he  f ac i l i t i es
were made.  I t  would then be removed i f  the fac i l i t ies were decommissioned,  or  remounted i f  the
fac i l i t ies were reused.

Equipment  that  could be decontaminated local ly  af ter  demount ing are enclosed devices l ike motors
or  actuators subjected to dr ipping contaminated water ,  or  equipment  such as handrai ls ,  s imple
seismic rest ra ints ,  or  hatch cover  grat ings.

Components too complex or  del icate
demount ing could be removed f rom the

reactor buSlding.  A buヽ lding is being established for this.  It would provide storage for the

equipment until the start of Phase III operations.  It could be used for refurbishing equipment

either for salvage (lf the facillties were decommissioned)or reuSe.

Equipment that would requfre removal from the reactor building inc]tide such items as ヽ nstrument

cabinets, cabling, hydraulic snubbers, and 50me electrical switchgear.

Di sposal.  Any component that had been submerged or contamヽ nated to a point that the decontami―
natfon effort and resulting occupatSonal radiation exPosure wouid be excessive with respect to
its replacement costs would be a candidate for disposal.

Likely candldates for the disposal category are items that have been submerged, such as ducttng,
cabling, and instruments at the 282-ft level, or items for which past exPerience indicated that

decontaminatギ on was not feasible.  Exanlples are crane lSfting cables and exposed mirror insu―

lation on the primary system.

For much of the equlPment, detatled adl′ anced planning is not possヽ ble because the nature of the

contamination problems is not known and the effectiveness of in‐ place decontttmうnat oヽn methods as

they apply to specific i,ems iS nOt certain.  An ex3mple is the cooling coi]s in the air‐cooling
equipment at the 305-ft level of the r13aCtOr buヽ lding.  These are certain to be highly contami―

nated because of thetr long― term cperation in the highly contaminated building atmosphere; how‐

ever, the primary contamlnant i3 1ikely to be cesium, which is water so]uble arld might be removed
without the need to dヽ sassemble the atr‐ cooling units.

There are various pieces of equipment in each of these categories, but most wヽ 1l proこably not be
classifiable in advance of actual work because of the unknown contamSnation and conditlon of each
comPonent,  Since considerable equtpmerit would have to be removed from the reactor building,

tor Buildi

taminat ion a
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regardless of  whether  i t  were decommissioned or  refurb ished,  an extens ' ive par ts  contro l  and
inventory system would be requi red.  Thene would be extens ' ive use of  the fac i l i t ies immediate ly
outs ide the equipment  hatch,  so that  some quick method of  mak' ing a d ' isposi t ion decis ion (salvage
or scrap)  decis ion would have to be developed,  or  a hold ing area would be requi red at  some place
out  of  the way of  the act iv i ty  at  the hatch.  This would requi re packag' ing of  the components for
t ransport  through noncontaminated areas,  at  the cost  of  addi t ional  handl ing and increased occupa-
t i ona l  dose .

Certa in equipment  recovery act iv i t ies can be predicted a i  th is  t ime and are l is ted below by thei r
locat ion in  the reactor  bui ld ing.

Deta i ls  of  Equipment  at  Di f ferent  Levels

430-Ft  Elevat ion--Polar  Crane Level .  The polar  crane would have to be decontaminated and at
� n t h e r e a c t o r b u i l d i n g d e c o n t a m i n a t i o n p r o g r a m t o p e r m i t i t s
use  to  move  heavy  equ ' i pmen t  be tween  l eve l s  i n  t he  bu i l d ' i ng ,  i nc lud ing  i ns ta l l a t i on  o f  an  aux i l -
iary crane and smal l  boom cranes to a id in  the decontaminat ion ef for t .  Addi t iona' l  act iv i t ies
l ike ly  to be requi red are removal  of  the t ro l leys on the fuel  handl ing br idge,  removal  of  the
shie ld b locks above the reactor ,  removal  and handl ing of  the reactor  coolant  pump motors,  cdbl r :
replacement ,  and handl ing of  any casks or  sh ie ld ing requi red dur ing the decontaminat ion.  The
ef for t  requi red might  vary f rom refurb ishment  of  only  the br idge dr ive components in  p lace to
complete replacement  of  the t ro l ley.  The polar  crane is  needed for  c leanup and defuel ing act iv-
i t ies,  regardless of  whether  the fac i l i t ies are decommissioned or  reused.

357-Ft  Elevat ion--Top of  Sh1gl !  !q l l9 .  Addi t ional  l i f t ing and handi ing equipment  ( in  the form of
� d g e c r a n e w i t h r a i l i ) w o u l d n e e d t o b e i n s t a l l e d a t t h i s
l eve l  be fo re  mos t  o f  t he  wo rk  i nvo l v i ng  de fue l i ng  o r  wo rk  on  the  p r imary  sys tem ins ide  the  sh ie ld
wa l l s  cou ld  s ta r t .

347 -F t  E leva t i on - -ma in  Wor f i nq  F loo r  L  .  Th i s  e leva t i on  wou ld  have  to  be  c lea red  o f  a l l
u n r r e c . e s � d l i n g o f c o n p o n e n t s b e i n g m o v e d o u t o f t h e b u i l d i n g a n d
for  laydown of  components dur ing defuel ing operat ions.  Refurb ishment  or  modi f icat ion of  the fuel
hand l i ng  b r i dges  a t  t h i s  e leva t i on  m igh t  a l so  be  a  h igh  p r i o r i t y  t ask .

305-Ft  Elevat ion--Equipment  [a!qh Leyql .  The area around the equipment  hatch and a path to the
� i d e o f t h e b u i 1 d i n g w o u 1 d h a v e t o b e c l e a r e d a n d e s t a b -
I i shed  as  re la t i ve l y  l ow- rad ia t i on - l eve l  a reas  ea r l y  i n  t he  decon tam ina t i on  e f f o r t  s i nce  mos t
equipment  t ransfer  and personnel  entry  and exi t  would he at  th is  locat ion.  The reactor  bui ld ing
ai r  cool ing uni ts  located on th is  level  immediate ly  adjacent  to the equipment  hatch probably are
highly  contaminated and would requi re extensive decontamjnat ion,  sh ie ld ing,  or  removal .  Refur-
b ishment  in  p lace or  replacement  would be requi red in  order  to prov ide bui ld ing vent j ' la t ion.  The
ex tens i ve  anoun t  o f  a i r  duc t i ng  a t  t h i s  e leva t i on  a l so  m ' i gh t  r equ i re  spec ia l  e f f o r t  i f  j t  i s
h ighly  contaminated.  Most  essent ia l  bui ld ing serv ices would be brought  in  through the equipment
hatch or  spare reactor  bui ld ing penetrat ions at  the 305-f t  level .

282-Ft  Elevat ion--Sump Level .  Because about  8 f t  o f  h ighiy  contaminated water  now f loods the
@ p m e n t a t t h i s ] e v e l p r o b a b l y w o u . | d h a v e t o b e s c r a p p e o .

Assoc ia ted  Fac i l i t i es

Large-scale equipment  handl ing and t ransfer  capabi l i ty  wou' ld  be requi red for  decontaminat ion and
decommissioning or  refurb ishment  of  equipment  and the reactor  bui td ing.  The 23- f t  d iameter
equipment  hatch on the southwestern s ide of  the reactor  bui ld ing at  ground level  is  the only
feasib le ex i t /entry  point  for  these t ransferrs.  Since i t  would be necessary to use th is  hatch
before the ins ide of  the reactor  bui ld ing is  decontaminated,  an enclosure of  some type would be
required on the outs ide of  the equipment  hatch to serve as an in ter face between the reactor
bu i l d i ng  and  the  ou ts ide  env i ronmen t .  The  m in imum requ i remen ts  f o r  t h i s  se rv i ce  bu i l d i ng  wou ld
be  as  f o l l ows :

Serve as an extended contaminat ion barr ier so that contaminated i t .ems can be brought
ou t  o f  the  reac tor  bu i ld ing  fo r : ; tag ing ,  decontaminat ion ,  examinat ion ,  and packag ing .

Serve as an air lock so that mater i ia l  and personnel t ransfer through the equipment hatch
is independent of uncontaminated transfers jn and out of the contajnment service
bui I  di  ng.
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Serve  as  an  i n te r face  bu i l d i ng  to  pe rm i t  r i g i d  con t ro l  o f  equ ipmen t ,  supp l i es ,  and
personnel  enter ing and leaving the contaminated zone.

The conta inment  serv ice bui ld ing a ' lso vrould inc lude other  fac i l i t ies needed for  work ing wi th
contaminated matenia l  and equipment ,  such as a laundry fac i l i ty  for  decontaminat ion of  c loth ing,
equipment  repai r  areas,  and areas for  temporary storage of  contaminated waste,  and a lso re lated
fac i l i t i es  t ha t  do  no t  i nvo l ve  r  n tam ina ted  ma te r i a l ,  such  as  a  pe rsonne l  access  fac i l i t y  and  a
work-ef for t  management and contro,  fac i l i ty .

Minimum-Size Mediumjnrlegi_ly._9gif ! jS. A conceptual design for a minimum-size building to meet
f f i l e n r T s s n o t { n ] n F i g u r e 5 . 5 . I t w o u l d i n c l u d e a n a i r l o c k o u t s i d e t h e e q u i p -
ment  hatch.  The a i r lock would have to be large enough to accommodate the largest  p iece of  equip-
ment ,  inc lud ' ing i ts  t ransport  device.  This nr ight  be a reactor  coolant  pump motor ,  the fuel
handl ing br idge t ro l1ey,  or  the auxi l iary br idge crane that  has been proposed for  insta l la t ion to
aid in  defuel ing ef for ts .  Beyond the equipment  hatch a ' i r lock would be another  iso lat ion area
large enough to permi t  loading any of  the equ' ipment  onto a t ruck or  perhaps a ra i l  car .  Equip-
ment  would be packaged in the equipment  hatch a i r lock,  t ransferred to the loading area and ver i -
f ied as being f ree of  sur face contaminat ion before the bui ld ing 's  exter ior  doors could be opened.
Inter lock ing would be requi red to ensure that  the a i r lock/ loading area door could not  be opened
when any of  the exter ior  doors were open.  Some l imi ted decontaminat ion or  equipment  survey and
evaluat ion work could be conducted in  the a i r  lock,  but  th is  would obstruct  personnel  access and
mater ia l  t ransfer  through the hatch.  To preclude contaminat ion of  the previously  c lean areas and
equipment ,  contaminated i tems would not  be brought  in to the loading area before packaging.  Most
equ' ipment  would need to be t ransported to other  fac i l i t ies for  decontaminat ion,  refurb ishment  or
d'i sposal .

Contaminated water ,  as wel l  as par t icu late sol ids that  were suspended in the water ,  would be
pumped  ou t  t h rough  p ipe l i nes  i n to  t he  AFHB.  The  so l i ds  wou ld  be  f i l t e red  ou t ,  immob i l i zed ,  and
packaged for  f ina l  d isposal  in  the AFHB. Sludge and other  wet  sol ids that  were not  removed in
th is  manner would have to be packaged' in  a form sui table for  moving through the hatch and staging
area wi thout  in t roduc ' ing any appreciable increase in the radiat ion exposure.  Thjs could be
accomp l i shed  e i t he r  by  immob i l i z i ng  and  packag ing  the  we t  so l i ds  w i t h i n  t he  reac to r  bu i l d i ng  so
that  they would be in  the f ina l  packaged form before being moved through the equipment  hatch,  or
by us ing shie lded,  water t ight  conta iners to move the wet ,  unprocessed sol ids through the equip-
men t  ha tch  to  a  l oca t i on  ou t : i de  t he  reac to r  bu i ' l d i ng  whe re  they  cou ld  be  immob i l i zed  and  pack -
aged  fo r  f i na l  d i sposa l .

A  s tee l - f r ame ,  me ta l - s i ded  bu i l d i ng  cou ' l d  be  bu i l t  a t  t he  equ ipmen t  ha tch  to  mee t  t he  m in imum
fac i l i t y  needs  i den t i f i ed  above .  i uch  a  bu i l d i ng  m igh t  be  anenab le  t o  comp le te  decon tam ina t i on
and,  hence,  d isposal  as uncontaminated waste af ter  a l l  decontaminat ion operat ions had been com-
p le ted .  I t  wou ld  need  to  be  se i sm ica l l y  i so la ted  f rom the  con ta inmen t  bu j l d i ng  and  cou ld  be
des igned  fo r  Un i f o rm  Bu i l d i ng  Code  (UBC)  se i sm ic  and  w ind  l oad ing  cond i t i ons .  Bu j l d i ng  i n teg r i t y
would be suf f ic ient  to  permi t  s taging and processing of  reasonable quant i t ies of  contaminated
mate r i a l s ,  bu t  ve rsa t i l i t y  wou ld  be  l ow  because  o f  t he  m in ima l  space  p rov ided .

L a r g e @ . A l a r g e r v e r s i o n o f t h e b u i l d i n g d e s c r i b e d a b o v e c o u l d b e
constructed to provfde more space and greater  versat i l i ty .  A d iagram of  a larger  bui ld ing of  the
same gene ra l  cons t ruc t i on  i s  shown  i n  F igu re  5 .6 .  The  bu i l d i ng  wou ld  cos t  more ,  bu t  shou ld  no t
take s igni f icant ly  longer to design and construct .  The addj t ional  space would perm' i t  more of  the
p rocess ing  o f  con tam ina ted  ma te r i a l  t o  t r e  pe r fo rmed  i n  t he  bu i l d i ng ;  t h i s ,  i n  t u rn ,  wou ld
decrease the ef for t  that  would have to be expended in packaging contaminateci  mater ia ls  for  t rans-
fe r  t o  p rocess ing  ope ra t i ons  e l sewhere .  Use  p ressu re  and  conges t i on  shou ld  a l so  be  more  con -
t ro l l ab le  because  o f  t he  g rea te r  ve rsa t i l i t y  and  i nc reased  space  o f  t he  bu i l d i ng .  More  s to rage
space  fo r  equ ipmen t  wou ' l d  a l so  be  ava i l ab le  wh i l e  wa i t i ng  f o r  a  dec i s j on  on  decommjss ion ing
versus restar t .

The conceptual  design has a large work area between the equipment  hatch a j r lock and the var ious
load ing  and  sh ipp ing  a reas .  Th i s  wou ld  pe rm i t  s i gn i f i can t  was te  s tag ing  and  p rocess ing  to  occu r
w i th in  t he  con tam ' i na t i on  con t ro l  bounda ry ,  bu t  ou ts ide  the  h ' i gh  rad ja t i on  l eve l s  o f  t he  reac to r
bui ld ing and away f rom the congested area immediate ' ly  outs ide the equipment  hatch.  Sjnce there
would be less packaging for  t ransport  and unpackaging for  processing,  contaminated packaging
was te  gene ra t i on  and  occupa t i ona l  r ad ia t i on  dose  shou ld  be  l ess .
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5 .2 .3 .2  t Jonk  E f fo r t  Requ i red

Decontaminat ion of  the reactor  bui ld ing wi l l  requi re a coordinated ef for t  between decontaminat ion
crews and support  personnel  f rom seveia l  d isc i i l ines.  The work ef for t  est imates presented in
th is  sect ion inc lude decontaminat ion workers and workers wi th assignments that  requi re entry  in to
the neactor  bui ld ing ( radiat ion protect ion,  engineer ing,  construct ion,  maintenance,  and p lant
operat ions personnel  wi th in-bui ld ' ing assignments) ,  but  not  workers wi th assignments that  do not
requ i re  en t r y  (pe rsonne l  engaged  i n  t r a i n i ng ,  su i t up  ass i s tance ,  supp l y  c l e r i ca l ,  p l ann ing ,
management,  and s imi lar  ass ignments that  do not  requi re entry) .  The staf f  assumes that  for
personnel  wi th assignments that  requi re entry  in to the bui ' ld ing,  the proport ion of  t ime spent  in
product ive work on the ins ide wi l l  be about  hal f  o f  the tota l . *  The remainder of  the t ime wi l l
be spent  outs ide the bui ld ing in  put t ing on and removing protect ive c loth ing and equipment ,
p lann ing  and  i ns t ruc t i on  sess ions ,  and  s im i l a r  ac t i v i t ' i es .

Work ef for t  est imates were obta ined by two methods:  (1)  by a deta i led analys is  of  the f imes
required for  ind iv iduai  decontaminat ion tasks,  end (2)  by extrapolat ion f rom exper ience in the
AFHB.

The deta i led analys is  led to an est imate of  approximately  240,000 person-hours for  the in-
bui ld ing work-  The staf f  assumes that  an approximale ly  equal  amount  of  t ime wi l l  be expended by
the same workers in  act iv i t ies outs ide the reactor  bui ld ing;  hence,  the est imated work ef for t  for
decontaminat inq the reactor  bui ld ing is  about  480,0C0 person-hours.

Many of  the t ime est imates for  ind iv idual  tasks were qui te conservat ive.  Est imates of  cer ta in
tasks  (e .9 . ,  sem i remo te  and  hands -on  decon tam ina t i on  ope ra t i ons )  us ing  a l t e rna t j ve ,  l ess  conse r -
vat ive,  procedures gave lower est imates.  0n the basis  of  such judgmental  considerat jons,  the
staf f  in fers that  the work ef for t  for  decontaminat ing the reactor  bui ld ing probably wi l l  not  be
less than about  300,000 person-hours.

The tota l  accountable work ef for t  by workers wi th assignments ins ide the AFHB amounied to about
1.5 person-hours for  each square foot  of  sur face decontaminated (see Sec.  5.1.3.2) .  Thjs  number
js  based on the known work ef for t  by decontamjnat ion r {orkers and an est imate that  each person-
hour of  decontaminat ion work (set t ing up and operat ing the water  je t ,  scrubbing,  wet  vacuuming,
etc. )  nequired an addi t ional  3/4 hour  of  support  operat ions ( radiat ion surveys,  moni tor ing and
stand-by duty by radiat ion contro l  personnel ,  and p lant  operat ions,  maintenance,  and construct ion
act iv i t ies) .  The proport ion of  support  to  decontaminat ion act iv i t ies wi l l  be greater  in  the
reactor  bui ld ' ing because of  the work involved in prov id ing access to sur faces th. r t  cannot  be
reached f rom exis t ing st ructures,r*  construct ing barr iers and reroui ing vent i la t ion to prevent
sp read  o f  decon ta in ina t i on  i n  t he  i a rge  open  a reas ,  p rov id ing  essen t i a l  bu j l d i ng  se rv i ces  (e .9 . ,
add i t i ona l  l i gh t i ng ,  e l ec t r i ca l  ou t l e t s  and  wa te r  f o r  decon tam ina t i on  ope ra t i ons ) ,  and  manag ing
the mater ia ls  and large p iec ' :s  of  equipment  that  must  be moved.  The staf f  assumes that  th is
addi t ional  work may increase l .he amount  of  support  ef for t  to  as much as 2r l  hours or  support  work
for  each hour of  decontaminat ion work,  which would increase the work ef for t  per  uni t  o f  decontami-
nated area f rom 1.5 to 3 person-hours/ fb2.  This leads to an est imate of  900,000 person-hours of
work ef for t  for  c leaning up the 300,000 f tz  of  contaminated bui ld ing and equipment  sur faces
ins ide the reactor  bui ld ing.  The staf f  regards th is  est ' imate as an approximate upper bound.

The preceeding est imates do not  inc lude the work ef for t  for  defuel ing operat ions or  for  c leanup
of the primary system.

The  s ta f f  assumes ,  on  the  bas i s  o f  t he  schedu le  p rov ided  by  t he  l i censee  (F ig .  1 .4 ) ,  t ha t 'wo rk  on
in i t i a l  decon tam ina t i on  o f  t he  reac to r  bu i l d i ng  ( i . e . ,  decon tam ina t i on  t o  t he  l eve ' l  a t  wh j ch
de fue l i ng  ac t i v i t i es  can  s ta r t )  w i l l  ex tend  ove r  a  pe r i od  o f  a t  l eas t  18  mon ths  and ,  i n  v i ew  o f
the uncenta inty  in  the work ef for t  that  wi l l  be requi red and in the choice of  water  removal
a l t e rna t i ves ,  cou ld  t ake  th ree  t imes  as  l ong .  0n  the  same bas i s ,  comp le t i on  o f  decon tam ina t j on
act iv i t ies to the point  where ALARA cr i ter ia  have been at ta ined wi ' l l  requi re at  leaet  36 months

xThe  l i censee ' s  ob jec t i ve  i s  t o  ma in ta in  a  60  pe t ' cen t  p roduc t i ve  i n -bu i l d i ng  e f f o r t ;  on  t he
bas i s  o f  expe r i ence  i n  t he  AFHB,  t he  s ta f f  cons ide rs  an  es t ima te  o f  50  pe rcen t  t o  be :no re
real  i  s t i  c .

* *Essen t i a l l y  a I l  o f  t he  decon tam ina t i on  wo rk  i n  t he  AFHB has  been  to  da te  on  f l oo rs  and  wa l l s
wi th jn easy reach;  ce i l ings and upper wal ' ls  have not  yet  been decontaminated.
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and wi l l  probably take much longer.  Decontaminat ion work wi l l  nct  be complete when Phase I I
operat ' ions begin.  A usefu l  est imate of  the t ime that  wi l l  be requi red to complete decor ' tamina-
t ion to ALARA levels cannot  be g iven at  th is  t ime because of  the fo l lowing unknown factors:  the
delays that  wi l l  be in t roduced-by post  Phase I I  operat ions,  the contaminat ion that  wi l l  be gen-
erated by these operat ions.  and the level  of  ef for t ,  which is  iargeiy eontro l ied by ' r ,he i "ate at
whjch funds can be made avai lable to support  the decontaminat ion work.  The staf f  assumes,  for
ca ' lcu ' la t ional  purposes,  that  decontaminat ion work per formed in connect icn wi th Phase I  and I I
operat ions wi l l  be camied out  over  a per iod that  may range f rom 18 to 54 months.  This assump-
t ion a l lows for  the possib i l i ty  that  decontaminat ion work that  goes beyond the in i t ia l  object ives
descr ibed in the in t roduct ion to Sect ion 5 may be deferred.

5 .2 .4  E f f l uen ts  and  Re leases  to  t he  Env i ronmen t

5 .2 .4 .1  No rma l  0pe ra t i ons

To date,  the largest  re lease to the envi ronment  f rom the reactor  bui ld ing due to c leanup act iv-
i t ies was the 44,000 Ci  of  Kr-85 that  was vented to the cuts ide atmosphere dur ing the per iod f rom
June  28 ,  1980 ,  t o  Ju l y  11 ,  1980 .  Mos t  o f  t he  o the r  rad iqnuc l i des  p resen t  i n  t he  reac 'uo r  bu i l d i ng
atmosphere before purging (approximately  1 Ci  of  t r i t iu in in  the form of  t r  i t ' ia ted water  vapor
(HTo) ,  l ess  t han  4  x  10 -4  C i  o f  I - 129  and  l ess  t han  6  x  10 -s  C i  o f  each  o f  t he  rad ionuc l i des
Sr-90,  Cs-137,  and Cs-137--see Table 5.8)  were removed by the HEPA f i l ters in  the vent ing system.

Re leases  o f  t he  K r -85  gas  were  con t ro l l ed  t o  l im i t  t he  cumu la t i ve  max imum ind i v i dua l  o f f s i t e
doses to the publ ic  resul t ing f rom the purge to less than the annual  dose design object ives
(15 mrem to the sk in,  S 'mrem whole-body)  of  Appendix I  to  10 CFR Part  50.

The  o f f s i t e  dose  tha t  resu l t ed  f rom the  pu rge  i s  g i ven  i n  Sec t i on  5 .2 .5 .2 .

Per iodic  re leases are made of  much smal ler  amounts of  Kr-85 generated by outgassing,  pr imar i ly
f rom the contaminated water  jn  the basement .  The dates of  the re leases,  l imi ts  for  August  and
mon th l y  t o ta l s  f o r  Sep tember  t h rough  November  a re  g i ven  i n  Sec t i on  5 .2 . I . 1 .  Ven t ' i ng  i s  now be ' i ng
done c;  a month ly  basis  wi th one re ' lease a few days before each entry  and another  dur ing the
entry per iod.  Af ter  decontaminat iorr  operat ions are under way,  cont inuous vent ing may be desi r -
able to min imjze worker  exposure dur ing decontaminat ion operat ions.  The staf f  assumes,  on the
bas i s  o f  t he  da ta  g i ven  i n  Sec t i on  5 .2 .1 .1 ,  t ha t  15  C i lmon th  i s  a  conse rva t i ve  uppe r  bound  fo r
t te  Kr-85 re leases f rom the reactor  bui ld ing dur ing bui ld ing decontaminat ion operat ions.  The
releases decreased each month dur ing the per iod f rom August  1980 through December 1980,  and wi l l
probably be around 1 Ci lmonth before July  1981.

0ther  ef f luents and re leases associated wi th decontamjnat ion of  the reactor  buj ld jng and equip-
men t  i nc lude  so l i ds ,  l i qu id ; ,  and  a i rbo rne  pa r t i c l es .

So l i ds  gene ra ted  by  decon tam ina t i on  ac t i v i t i es  j n  t he  reac to r  bu i l d i ng  come f rom s ludge  deb r i s
and contaminated equipment  removed f rom the the bui ld ing,  contaminated f i l ters f rom vacuuming
ope ra t i ons ,  so f i d  res idue  removed  f rom con tan ina ted  l i qu ids  by  l i qu id  p rocess ' i ng  ope ra t i ons ,  and
con tam ina ted  l aund ry  and  na te r i a l s  (e .9 . ,  w ipes )  used  fo r  decon tam ina t i on  ope ra t i ons .  The  e f f l u -
ents and re leases f rom these mater ia ls  are associated wj th waste d isposal  operat ions which are
treated in  Sect ion 8.

Decon tam ina t i on  ac t i v i t i es  w i t h i n  t he  reac to r  bu i l d i ng  i n i t i a l l y  w i l l  no t  r esu l t  i n  any  d i rec t
re leases  o f  l i qu id  t o  t he  env i ron r i en t .  The  vo lumes  o f ' l i qu ids  t ha t  w i l l  be  used  fo r  decon tam i -
nat ing the bui ld ' ing and equipment  sur faces ins jde the reactor  bui ld ing are est imated by the staf f
to  be zero to 370,000 gal ' lons of  water  for  remote wash operat ions 70,000 to 230,000 gal lons of
water  for  semiremote wash opei 'a t ions and 30,000 to 50,000 gal lons of  detergent  so lut ion,  about
11 percent  l iqu id detergent  of  ur iknown composi t ion* and 89 percent  water .  The staf f  assumes that
the  mos t  l i ke l y  vo lume  o f  l i qu ids  t ha t  w i ' l l  be  gene ra ted  by  a l l  bu i l d i ng  and  equ ipmen t  su r face
decon tam ina t ' i on  ope ra t i ons  i s  150 ,000  ga l ' l ons  o f  wa te r  and  40 ,000  ga l l ons  o f  de te rgen t  so lu t i on .
The  s ta f f  es t ima tes  t ha t  a t  l eas t  90  pe rcen t  o f  t he  p la teou t  i n  t he  reac to r  bu j l d i ng  w i l l  be

xThe detergent  that  was used for  scrubbing,operat ions in  the AFHB was Radiac Wash,  a propr ietary
chemica ' l  so lut io ,n that  conta ins ef -hy lenedi ,aminetetraacet ic  ac id (EDTA) and other  chemicals.
This same detergent  probably wi l ' l  be used for  scrubbing operat ions in  the reactgr  bui ld ing.
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rema inde r  w i I I  be  removed  i n
a re  d i scussed  i n  Sec t i on  7 .

the detergent  so lut ion.
The operat ions are expected

i f  the wa+.er  in  the basemeni  were noi ,  removed pr ior  ^ro bui ld ing decon^uaminai ion operat ior , -  o-
iso lated by a vapor barr ier  f rom the rest  of  the bui ld ing,  most  of  the t r i t ium re leased f rorn the
reactor  bui ld ing would be t r i t ia ted water  vapor f rom evaporat ion of  the water  in  the basement .
The maximum possib le re lease of  2500 Ci  of  t r i t ium would occur  i f  a l l  o f  the water  in  the base-
ment  were removed t 'y  evaporat ion.  I f  saturat ion condi t ions (100 percent  humidi ty)  could be
ma in ta ined  w i th  t he  bu i l d i ng  ven t i l a t i on  sys tem in  ope ra t i on  (a t  50 ,000  c fm) ,  t he  en t i r e
700,000 gal lons of  water  would evaporate in  about  a year .  (This would correspond to an evapora-
t ion rate of  about  0.001 pounds of  water  per  square foot  per  minute. )  The concentrat ion of
t r i t ium in the a i r  under these condi t ions would be 2 x 10-s pCi lml ,  which is  larger  than the
guidel ines for  rest r ic ted areas in  10 CFR 20 by a factor  of  4.

These l imi t ing condi t ions are unreal is t ic  and unat ta inable;  however,  the staf f  condjders an evapo-
ra t i on  ra te  o f  abou t  20  pe rcen t  o f  t h i s  l im i t  t o  be  a  reasonab le  bound ing  case  i f  t he  bu i l d i ng
vent i la t ion system were in  operat ion and no specia l  precaut ions were taken to prevent  evaporat ion
of  the water .  I f  th is  s i tuat ion cont inued for  a per iod of  l -8  months,  approximately  750 Ci  of
t r i t ium in the fonm of  t r i t ia ted water  vapor wou' ld  be re ' leased to the atmosphere.  Under these
condi t ions the average concentrat ion of  t r i t ium in the reactor  bui ld ing atmosphere would be
4 x 10-6 pCi /ml .

The staf f  est imates that  the amount  of  t r i t ia ted water  that  wi l l  evaporate and be re leased f rom
semiremote operat ions wi l i t  be about  2 Ci .  Th ' is  represents a lower bound to the re lease of
t r i t ium that  would occur  i f  the water  in  the basement  were removed pr ior  t -o lecontaminat ion or
ef fect ive ly  iso lated.  Under these condi t ions the average concentrat ion of  t r i t ium in the reactor
bu ' i ' l d i ng  a tmosphe re  wou ld  be  neg l i g i b l e .

Tota l  a i rborne radioact iv i ty  d ischarged to the envi ronment  as a consequence of  decontaminat jon
ope ra t i ons  i n  t he  reac to r  bu i l d i ng  i s  es t ima ted  by  t he  s ta f f  t o  be  abou t  10 -4  C i  ( exc lud ing  H-3 ) .
The vent i la t ion f low rate is  50,000 cf rn.  The a i r  c leaning system conta ins two stages of  HEPA.
f i l t r a t i on .  A  pene t ra t i on  f ac to r  o f  10 "3  has  been  used  i n  ca l cu la t i ng  t he  re iea ies  ( see
Sec .  5 .1 .4 .1 ) .  The  re ' l ease  concen t ra t i ons  o f  p r i nc ipa ' t  r ad ionuc l i des  a re  l j s t ed  i n  Tab le  5 .10 .

Tab le  5  10 .  A j rbo rne  Re leases  o f  P r i nc ipa l  Rad io -
nucl ides Expected to 0ccur  f rom Decontaminat ion

b f  Su r faces  i n  Reac to r  Bu i l d i no
under Normal  Condi t ions

Rad ionuc l  i dea
Tota]Release

( C i )

Concentrations

(PCi/mL)

H‐3

Cs-137

Cs‐134

Sr-90

2 to 750

8.l X 10-5

1.4 X 10-5

5.O X 10-6

1 × 10_8 t。

4 X 10-6

7.4 X 10-14

1.3 X 10-14

4.5 X 10-15

"0th""  
f iss ion products are present ;  however,  on the

bas i s  o f  ana l ys i s  o f  d i sso l ved  rad ionuc l i des  i n  t , he
reac to r  bu i l d i ng  sump r4s1s " ,  f o r  wh i ch  S r -89 ,  S ' i - 90 ,
Cs-134,  and Cs-137 const i tu te greater  than 99 per-
cen t  o f  t he  MPC con t r i bu t i on  ( see  Append i x  J ) ,  and
wh ich  has  a  rad ionuc l i de  d i s t r i bu t i on  s im i l a r  t o  t ha t
of  the AFHB sump water ,  the contr ibut ' ions of  each of
t he  o the r  rad ionuc l i des  t o  a i rbo rne  re leases  a re
expected to be less th,an 0.1 percent  and have not ,
t he re fo re ,  been  l i s t ed .
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The staff est月 mates the amOunt of platecut on read付 ly accessible surfaces on the 305‐ ft and

httgher elewatlons lf the reactor building to be 2 CS.  An uncertatn additional amount, assumed by

the staff to be less (probably much less)than loO Ct, is present :n less accessible locations,

such as tn floor draSns and in the basement (counting only the contaminated film that wi1l remain
after the sludge has been removed) and inside the D rギ ngs.  This plateout wSll be dSssolved 6r
suspended :n the decontamSnatton llquSds and removed with them.  For co研 putatlonal purposes, the
staff conservatSvely assumes that about O.l percent of the surface plateout on the 305-ft and
higher el● vat村ons may beconle atrborne during decontaninatSon operations (prlmarily during water

Set operat:ons).  The fractton of contamination from less accessible locations on the 305。ft
elevation and above that becomes atrborne wSll be lessi the staff has made the conservative
assumptton that an equal contrSbutヽ on to aSrborn contamination gnttght occur from these sources.
ConditSons ヽ n the basement are largely unknown.  In vSew of the relatively small volume of the
basement (leSS than 5 percent of the total volume of the reactOr butlding)and area (about 20 per‐

cent of the total area), the staff assumes that the contribution to atrborne contaminatlon from

the basement area wヽ 1l RCt eXCeed the contribution from the 305‐ ft and higher elevations.

The sludge, which has been estギ gnated to have a wet volume of about ■ 00 fta and a radioactive
content of abouこ  150 Gモ (see subsection in Sec. 5.2.2.l on alternatSves for removing the sludge),
w11l be removed prlmarily by resuspenslon in the sump water before it is pumped out.  The

contr→button of this operation to aSrborne releases will be negligible compared to other contribu―

tions,  It may be necessary to d'310dge some fractton, up to about 5 percent of the total, by use

of a water jet.  The staff agaギ n has conservatively assumed that up to O.l percent of this resSdue
mSght beC6me attrborne durttng this operation.

5。2.4.2  Accldent Scenarlos

The types of accSdents that could occur during reactor building deccntamination include a llquid

spイ11, elther befrre or after processing the llquttd, droppttng of a solヽ d waste package, a fire in
a barrel of contamヽ nated trash, and failure of HEPA filters Sn the ventギ lation systemo  Effluents

and releases from accidents assoctated with processing the liquSds from the reactor building
decontamination are dSscussed in Section 7.  Effluents and releases from accidents in the handling

of sclld wastes are discussed Sn Section 8.

A faキlure of one of the HEPA fllters in the ventilatlon system would increase the aSrborne parti―

culate release descrttbed in Table 5。 10 until the ventilation system is secured (15 minutes).

8ased on the analysis of Sectlon 7, the accident releases are shown in Table 5.11.

Table 5.11.  Est imated Ai rborne Releases f rom a HEPA
Fi ' l ter  Fai lure dur ing Decontaminat ion of  the

Reactor Building Surfaces

Radionuclldea

Total Release

( C i )

Concentrations

(rCi/mL)

Cs-137

Cs-134

8.l X 10-5

1.4 X 10-5

3.8 X 10-9

6.6 X 10-10

aOther f ission products ane present;  however,  on the basis of
analysis of dissolved rar i ionucl ides in the reactor bui lding sump
water,  for which Sr-89, l i r -90, Cs-134, and Cs-137 const i tute
greater than 99 percent of the ilPC contribution (see Appendix J),
and which has a radionucl ide distr ibut ion simi lar to that of  the
AFHB sr:np water, the con'Lributions of each of the other radio-
nucl ides to airborne releases are expected to be' less than 0.1 per-
cent and have not,  therelore, been l isted.
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5.2.5 Environnental Inoacts

5.2.5.1 0ccupat ional Doses :

The same two nethods used to estimate the work effont were used to estimate the occupational dose
that will be incurred by workers who nlust enten the reactor building to carry out decontamination
operations: (f) by extrapolation from experience in the AFHB, and (2) by a detailed analysis of
the doses expected from individual decontamination tasks. The first of these methods gave the
higher work effort estimate. For. the occupational dose the reverse was true; the first method
gives the lower occupational dose estimate. The staff infers that this result may be due to nore
careful attention by the licensee to th'e use of strategies that would minimize worker exposure
and less careful attention to efficient cleployment of the work force.

Experience in the AFHB up to September 1, 1980, gave a cumulative personnel dose per unit area of
surface decontaninated of 0.8 person-ren/ftz. Some of the more difficult cubicles with higher
radiat ion f ie lds (e.9.,  the sump cubicle) have been lef t  unt i l  last;  the staff  est imates that
these cubicles may increase the dose to as much as 1.1 person-rem/ftz by the time the AFHB decon-
taminat ion is completed (see Sec. 5.1.5.1).  This dose rate is based on-the est imate that 3/4 hour
of support work inside the AFHB was required for each hour of decontamination work. The staff
estimates that about 2.5 hours of support work will be required for each hour of decontamination
work in the reactor building. This would increase the dose per unit area from 1.1 person-ren/ft2
to 2.2 Person-rem/ftz.  The ini t ia l  radiat ion f ie lds in the AFHB ryere higher than the ini t ia l
radiat ion f ie lds in the reactor bui lding on the 305-f t  and higher elevat ions; however,  in view of
the unknown (and probably much higher) radiation fields to which vrorkers will be exposed during
decontamination operations in the reactor building basement, the staff assumes that the AFHB and
reactor bui lding radiat ion levels are, on the average, comparable. 0n the basis of these consid-
erations, the estimated occupational dose for decontamination and related wor"k inside the reactor
bui lding is 660 person-rem.

A detai led analysis of the occupat ional dose for the individual tasks involved in decontaminat ing
the reactor building leads to an initial estimate of 22,000 person-rem for the total occupational
dose for decontaminat ing the reactor bui lding. This is an ini t ia l  bounding est imate, and for two
reasons, it is much nigher than the actual expected dose. First, the worl effort eitinates are
very conservative. Estimates of the work effort required for semiremote wash, scrubbing, and wet
vacuuming operations on the 305-ft and higher elevations by alternative and probably more real-
istic methods gave much smaller work-effort and occupational dose estimates for these tasks. 0n
the basis of these considerations, the staff believes that 15,000 person-rem would be a more
realistic upper bound even if no credit was a'l1owed for the use of effective shielding and work
location strategies.

A considerable reduction in occupational dose can, however, be gained by such strategies as the
use of shielding and careful p'lanning to choose work stations where the exposure is minimum
during the decontamination operations. Experience in the AFHB has shown that the actual exposure
is less than what would be calculated from the product of the radiation field and work duration
alone by a factor of 8 for decontamination work, and in some cases as much as 100 for construc-
tion and maintenance work.16 Arguments can be given to support either the assumption that the
gain Yri l l  be larger for the open spaces in the reactor bui lding or that i t  wi l l  be smal ler;  the
staff  has made the conservat ive assumption that i t  wi l l  be smal ler and assumes that an overal l
factor of 5 is reasonable.

0n the basis of the preceding considerat ions, the staff  bel ieves that 3000 person-rem is a prob-
able upper bound for the cumulat ive occupat ional dose that wi l l  be incurred in decontaminat ing
the reactor building.r Bounding values for the estimated cumulative occupationa'l dose are,
therefore, 650 and 3000 person-rem.

*If a factor of 3 yere used to compensate for the conservatism in the dose estimates for the
individual tasks (which is consistent with the al ternat ive decontaminat ion task assessments),  and
a factor of 10 were used to take into account the gain by use of a well-planned decontamination
strategy, the estimated occupational dose would be reduced to 733 person-rem, which is close to
the estimated lower bound obtained by extrapolation from the AFHB experience.
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The occupational dose includes an estinated 20 to 50 person-rem due to inhalation of trit iated
water vapor. The trit iated water wil l be produced by evaporation from the water in the basement'
which has a trit ium concentration of aboui 1 pCi/mL. The estimate for the dose from inhalation
is based on the expectation that the water vli l l  remain in the basement for about one year' and
that during this time, 50,000 to 150,000 person-hours of work effort wi'| l  be spen_t- in areas in
which the f r i t ium concentr i t in  f rom t i ic ta ieA Hater  vapor wi l ' l :be about  2 x  10-6 pCi lml .*

The estimated bounds for the work effart and duration of the decontamination cperations were
300,000 to 900,000 person-houns anci  18 to 54 months,  respect ive ly  (see Sec.  5.2.3.2) .  The staf f
,rssumes that these two sets of numbers correspond; i.e., an average rate of expenditure of effort
of 50,000 person-hours per quarter for a period of 5 to 18 quarters is assumed.

Based on the cumulative occupational doses and work effort given above, the staff estimates that
the average dose rate tor inOiviOual workens l ies in the ralnge from 0.73 mrem,/hr to 10 mrem/hr.
At the loier rate, a total cumulative dose of 660 person-rem wou'ld be incurred with a work effort
of 900,000 person-hours over a period of 18 quarters, for which the worker contingent w-ould b_e
100 woikers'if a 4O-houn work-week were ma'intained. At the higher dose rate (10 mrem/hr) a total
cumulative dose of 3000 person-rem wou'ld be incurred with a work effort of 300,000 person-hours
over a period of six quarters, for which a contingent of 500 workers l imited to 100 hours per
quarter would be needed.

The expected number of  addi t ional  cancer  morta l i t ies jn  th is  work force wj l l  range f rom,0.09
to 0.4.  The.average added probabi l i ty  that  a worker  in  th is  group would eventual ly  d ie of_c_ancer
wou' ld  range f rom a-bout  one' in  1100 to one in 1300 i f  he/she par t ic ipated in  the reactor  bui ld ing
decontamin'ation work for the full duration of the cleanup effort. The expected number of addi-
t ional  genet ic  ef fects in  the of fspr ing of  these exposed workers ranges f rom 0.2 to 0.8.

5 . 2 . 5 . 2  0 f f s i t e  D o s e s

The largest  of fs i te  dose that  is  a consequence of  decontaminat ion operat ions in  the reactor
bui ld ing is  that  which occurred dur ing the per iod f rom June 28 to Ju ' ly  11,  1980,  when the Kr-85
was purged from the reactor building atmosphere.

The point  of  maximum exposure dur ing the purge was at  a locat ion about  0.4 mi le f rom the s i te  in
an east-southeast direction. If a person had remained at this location throughout the purge
helshe would have received a beta sk in dose of  4.5 mrem and a whole-body gamma dose of  0.05 mrem.

Dose est imates for  decontaminat ion operat ions in  the reactor  bui ld ing subsequent  to September 1,
1980 are based on the source terms developed in Sect ion 5.2.4.1 and l is ted in  Table 5.10.  The
calculat ional  models used to make these est imates and the in terpretat ion of  thei r  resul ts  are
descr ibed in Appendix W. The s igni f icance of  these doses and thei r  human heal th and envi ron-
menta ' l  consequences are d iscussed in Sect ion 10.3.  The dose est imates are l is ted in  Table 5.12
for  the lowei  t r i t ium range in Table 5.10,  and Table 5.13 is  for  the upper t r i t ium range in
Table 5.10.  The 50-mi le whole-Uody cumulat ive populat ion dose received by the human populat ' ion
dur ing these act iv i t ies is  est imated to be 0.02 to 6 person-rem. The lower value js  for  the
lower t r i t ium range in Table 5.10,  and the upper value is  for  the upper t r i t ium range in
Tab le  5 .10 .

5.2.5.3 Postu lated Accident  Ef fects

No accidenta l  re leases occurred dur ing purging of  the reactor  bui ld ing atmosphere.  The type of
accident  for  which dose est imates are made here is  rupture of  a HEPA f i l ter  dur ing reactor  bui ld-
ing decontaminat ion.  This acc ident  scenar io is  descr jbed in Sect ion 5.2.4.2 and the source terms
ar i  l is ted for  i t  in  Table 5.11.  Doses are est imated here for  a HEPA f i l ter  fa i lure occur ing
dur ing the sur face decontaminat ion operat ion in  the reactor  bui ld ing.  The calculat ional  models
used io make these est imates and the in terpretat ion of  thei r  resul ts  are descr ibed in Appendix W.
The s igni f icance of  these dcses is  d iscusr ;ed in  Sect ion 10.4.  The dose est imates to the maximum
exposed indiv jdual  are l is ted in  Table 5.1.4.

ff iAffio-maintain the average atmospheric concentration at this level or be1ow, it wil l be
necessary to arrange barriers and ventilertion patterns so that the fractjon of water vapor in
the reacior building atnosphere that comels from the water in the basement does not exceed about
10 percent of the saturation concentrati(ln at 75oF.
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Table 5.12.  Dose Estimates for the Maximum ExPosed lndividual‐     for Re号
::o[。':lt::!‖品:七・:ツ;l!:|:林

D景
:♀を::岩inati°

n

Dose (mrem)b

Locati on Pathway Total― Body Bone Li  ver

le3:i3とnC

Nearest
mi lk  goat

Nearest cow
and garden

Inhalation
Cround Shine
Vegetable use

TOTAL

Inhalation

Oround Shine

Coat Milk Use

TOTAL

Inhalation
Cround shine

Vegetable Use

Cow Mヽ lk Use

TOTAL

1,4 X 10。 4

9.5 X 10‐ 6

6.7 X 10-4

8.2 X 10-4

7.3 X 10-5

9.l X 10-6

3.O X 10‐ 4

3.8 X 10-4

1.6 X 10-4
1,4 X 10-5

8.O X 10-4

2.6 X 10-4

1.2 X 10-3

3.l X 10‐ 5

9.5 X 10-6

8.O X 10-4

8.4 X 10-4

1.2 X 10-5

9.l X 10-6

2,8 × 10。4

3.O X 10‐ 4

3.5 X 10-5
1.4 X 10-5

1.2 X 10-3

2.8 × 10-4

1.5 X 10-3

8.4 X 10-4

7.5 X 10-5

9.1 × 10-6

5.7 X 10-4

6.5 × 10。4

1.6 X 10-4

1.4 X 10-5
8.4 X 10-4
4,6 × 10-4

1.5 × 10-3

1 . 4×
9 . 5 X
6 。9 X

０

０

０

１

１

１

aDose est imates in  th is  table are based on the lower range of  t r i t ium in
T a b l e  5 . 1 0 .

bDo . " ,  we re  ca l cu la ted  fo r  t o ta l -body ,  G l - t r ac t ,  bone ,  1 i ve r ,  k i dney ,
thy ro id , ' l ung ,  and  sk in .  The  max imum th ree  o rgan  doses  a re  l ' i s t ed  i n  t h i s
taUle.  Dosei  were calcuated for  four  age groups:  adul ts ,  teenagers,
chi ldren,  and infants.  The h ighest  dose est imates for  each age group are
l is ted.  The dose est imates for  the nearest  garden are for  ch i ' ldren the
dose est imates for  the nearest  mi lk  goat  for  to ta l -body are for  adul ts  and
for  bone and l iver  are for  in fants,  and the dose est imates for  the nearest
cow and garden are for  ch i ldren.

cThe  bas i s  f o r  se lec t i ng  t he  spec ia ' l  l oca t i ons  j s  desc r i bed  i n  Append i x  W.
The actual  locat ions a ie:  nearest  garden = 1.05 mi les east-nor theast '
nearest  m' i1k goat  = 7.02 mi les nor th,  and nearest  cow and garden
=  1 . 0 5  m i l e s  e a s t .
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Table 5.13. Dose Est imates fon the Maximum Exposed Individual
for Reactor Containment Bui lding Decontami4at ion

for Higher Est imated Tri t ium Release'

Locat ion

Dose (mrem)D

Pathway Total-Body Bone Li  ver

ド,3:景8とnC
Inhalation
Ground Shine
Vegetable Use

TOTAL

Inhalation

Cround Shine
Ccat MSlk use

TOTAL

InhalatSon
Ground shine

Vegetable use

Cow Mヽlk use

TOTAL

5。2 X 10‐ 2

9.5 X 10‐ 6

1.8 X 10‐ 1

2.3 X 10。 1

2.7 X 10。 2

9.l X 10‐ 6

2.O X 10'1

2.3 X 10‐ 1

5.7 X 10‐ 2

1.4 X 10‐ 5

2.O X 10-1

8.O X 10-2

3.4 X 10'1

3.l X 10‐ 5

9.5 X 10‐ 6

3.O X 10-4

8.4 X 10。 4

1.2 X 10‐ 5

9.l X 10‐ 6

1.l X 10。 3

1.l X 10-3

5.2 X 10。2

9,5 X 10-6
1.8 X 10-1

2.4 X 10。 1

2.7 X 10‐2

9.l X 10-6
2.l X 10-1

2.4 X 10‐ 1

Nearest
mi lk  goat

Nearest cow
and garden

3.5 X 10-5     5.7 X 10-2

1.4 X 10‐5     1.4 X 10。 5

1.2 X 10-3     2.O X 10‐ 1

2.8 X 10-4     8.l X 10‐ 2

1.5 X 10‐3     3.4 X 10-1

aDose est imates in this table are based on the upper range of t r i t ium in
Tab le  5 .10 .

bDoa", were calculated for total-body, GI-tract,  bone, t iver,  k idney,
thyroid, lung, and skin. The maximum three organ doses are l isted in this
table. Doses were calcuated for four age groups: adults,  teenagers,
chi ldren, and infants. The highest dose est imates for each age group are
l isted. The dose est imates for the nearest garden are for chi ldren the
dose estimates for the nearest rnilk goat for total-body are for adults and
for bone and l iver are fon infants,  and the dose est imates for the nearest
cow and garden are for chi ldren.

cThe basis for select ing the special  locat ions is descr ibed in Appendix t{ .
The actual locat ions are: nearest garden = 1.05 mi les east-northeast,
nearest mi lk goat = 1.02 mi les north, and nearest cow and garden
=  1 . C 5  m i l e s  e a s t .
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Table 5。14.  Estttmates of Offsite Doses to the Maximum

EXposed lndividual Caused by Fatlurl of a HEPA Filter
during Decontamination of the R●actor Building

Locaiion

Dose (mrem)a

Pathway Tctal― Body Bone Li ver

ilearest
garden

l{earest
mi lk  goat

Nearest cow
and garden

Inhalatton
Cround Sい :ne
Vegetable use

TCTAL     ‐

Inhalation
Cround Shttne
C6at Mflk Use

TOTAL

Inhalatlon

Ground shine

Vegetable use

Cow Milk Use

TOTAL

4.2 X 10‐ 5

5.5 X 10‐ 4

1.l X 10。 2

1.2 X 10-2

6.9 X 10-5
5.5 X 10L4
9.7 X 10‐ 3

1.O X 10‐ 2

2.9 X 10‐ 5

5.5 X 10‐ 4

1.l X 10-2

1.9 X 10-3

1.3 X 10‐ 2

5。4 X 10‐ 4

5.5 X 10-4
4.7 X ■ 0‐2

4.8 X 10-2

2.3 X 10‐ 4

5.5 X 10'|
6.6 × 10。2

6.7 X 10‐ 2

3.7 X 10。 4

5.5 X 10-4

4.7 X 10-2

191 × 10-2

5.9 X 10‐ 2

7 . 5 X
5 . 5 X
1 9 2 X

l . 3 X

5 . 5 X
5 . 5 X
7.6 X

7,7 × 10'2

5.l X 10-5

5.5 X 10‐4

1.2 X 10-2
9.7 × 10-3

2.2 X 10‐2

０

０

０

　

０

　

０

０

０

１

１

１

　

１

　

１

１

１

aDoses were ca' lculated for total-body, Gl- tract,  bone, 1iver,  k idney,
thyroid, lung, and skin. The maximum three organ doses are l isted in this
table. Doses were calcuated for four age groups: adu1ts, teenagers,
children, and infants. The dose estimates for the nearest garden and for
the nearest cow and garden locations are for children, and the dose esti-
mates for the nearest milk goat location are for adults for total-body and
for infants for bone and l iver.

bThe basis for select ing the special  ' locat ions is Cescribed in Appendix l , l .
The actual Iocat ions are: nearest garden = 1.05 mi les east-northeast,
nearest mi lk goat = L.02 mi les north, and nearest cor{ and garden
= 1 .05  mi les  eas t .

5.2.5.4 Psychological-Socioeconomic Effects

As indicated in Sect ion 5.2.3.2, the staff  est imates that f rom 300,000 to 900,000 person-hours
would be required to complete the reactor bui lding decontaminat ion process. Assuming a 4.S-year
schedule--winter of 1982 to spring of 1985--the number of workers employed at any given time for
work on decontaminating the reactor building js estimated to average 100, with a peak of 200 in
1983-1984.

Although the manpower reguirement for reactor building and AFHB decontamination are large rela-
t ive to other cleanup operat ions, the community level impacts wi l l  not be signi f icant.  Most
workers. part iculanlv those involved in the actual decontaminat ion work. wi l l  be subiect to hiworkers, part iculanly nvolved in the actual  decontaminat ion work,  wi l l  be subject  to  h igh
job turnover rates because of occupat ional dose l imitat ions. These relat ively transient workers
wi l l  not move into the community with their  famil ies, but wi l l  a lso seek to "double-uprr in hote1,
motel, and rooming house accommodations. iloreover, because of their tnansient status, such
workers wi l l  tend to spend money only for necessit ies and recreat ion, retaining most of their
incomes for their  famil ies and for spending in their  hometown areas. Final ly,  relocat ing workers
wi l l  seek to minimize housing and transportat ion costs by select ing locat ions that of fer accept-
able amenit ies. For most workers, the greater Harr isburg area wi l l  provide adequate housing
choice and comunity amenity levels.  Because of the smal l  s ize of worker housing demand relat ive
to the populat ion of the Harr isburg area, the staff  judgment is that in-moving workers wi l ' l  not
impose a signi f icant impact on the housing market or on community faci l i t ies.

工 ‐ … … 止 五 一 一 ―
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Considering the procedures to be undertaken and the offsite releases under normal operations and
unden hypothesized accident condit ions, the staff  bel ieves that the possible psychological  and
socioeconomic impacts during reactor bui l t l ing decontaminat ion would be simi lar to those described
i n  S e c t i o n  5 . 1 . 5 . 4 .

5 .2 .6  Economic  Costs

In  add i t ion  to  the  work  e f fo r t  descr ibed in  Sec t ion  5 .2 .3 .2 ,  cos ts  w i l l  be  incur red  fo r  such
items as: (1) construct ion and operat ion of the containment service bui lding, (2) instal lat ion
of essent ial  services (electr ical  power, steam, air  and local ized vent i lat ion),  tSl  refurbishment
o f  equ ipment  ( inc lud ing  the  po la r  c rane and bu i ' ld ing  coo le rs ) ,  (4 )  mater ia ls  (chemica ls ,  sh ie ld -
ing ,  ven t ing ,  f i l te rs ,  e tc . ) ,  (5 )  equ ipment  ( j ib  c ranes  ho is t ing  and r igg ing  gear ,  hydro lasers ,
casks, steam cleaners etc.) ,  (6) technical  services to prepare the detai led procedures for imple-
mentat ion of the decontaminat ion, and (7) training of personnel.

Numerous al ternat ives have been discussed, and in real i ty,  the reactor bui ld ' ing c ' leanup probably
wi l l  entai l  a combinat ion of these al ternat ives and can therefore be est imated as a range of
costs.  For the purpose of est imating costs,  the staff  has examined two cases: (1) a case in
which extensive shielding is required and greater than expected di f f icul ty is encountered in
removing the contaminat ion from surfaces and equipment (worsL case) and (2) a case in which
condit ions are essent ial ly as expected and supported by recent surveys (best case).

The staff  est imates that the costs for reactor bui lding decontaminat ion wi l l  range from
$25 mi l l ion  fo r  the  bes t  case to  over  $50 mi l l ion  fo r  the  wors t  case.  The pr inc ip laca tagor ies
of these cos' i ,s are l is led in Table 5.15. The assumptions used to make these est imates are given
in Appendix K.

Table 5.15. Economic Costs for Reactor
Bui ld ing Decontaminat ion
(thousands of dol lars)

Item Best Case l./orst Case

Labor

Equipment

F a c i l i t i e s

TOTAL

13,400

3 , 5 0 0

8,500

25,400

40,100

5,900

17,000

63,000
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5. REACTOR DEFUELING AND PRII'IARY SYSTEM DEC0NTAUINATI0N ,

The operations leading to and inclrrding removal of the damaged reactor core from the pressure
vessel and subsequent decontaminat rn of the reactor primary cooling system (RCS) components
(reactor pressune vessel,  sbeam generators, pressurizer,  pumps and associated piping) are con-
s idered , in  th is  sec t ion .  The ac t iv i t ies  d iscussed are : ,

-  Handl ing of the radioact ive water in the pr imary cool ing system during reactor defuel ing and
primary system decontaminat ion (Sec. 6.1).  The water processing and disposal al ternat ives
are discussed in Sect ion 7.

- Inspection of reactor syst*l.r components prion to defueling and decontamination to determine
the condition of the primary coo'ling system and reactor core (Sec. 5.2).

- Remova'l of the reactor pressure vessel (RPV) head and internal components to gain access to
the reacton core (Sec. 6.3).

= Removal of  the reactor core fuel  elements (Sec. 6.4).

- Decontamination of the primary system components to remove fuel debris and other particulate
matter from the system and to reduce f ission product plateout on internal surfaces (Sec. 6.5).

5.1 HAI{DLII{G OF PRII.IARY COOLAT{T SYSTEM WATER

Processing,and treatment of the primary water must precede and continue during the operations
leading to reactor defuel, ing and pr imany.system decontaminat ion (see Sec. 7 for al ternaLives and
detai ls).  Fol lowing the ini t ia l  decontaminat ion of the pr imary water,  inventor jes wi l l  vary
depending upon the part icular phase of the defuel ing and decontaminat ion act iv i t ies. Appendix F
discusses potent ial  for water reuse to minimize increasing the total  inventory of contaminated
water.

The various phases of water handl ing for reactor defuel ing and pr imary system decontaminat ion
are:

. Preparations for reactor head removal

. Removal of RPV head and internals

. Reactor defuel ing

. Pr imary system f lush and drajn

. Decontamination of primary system components.

6.1.1 Preparation for Reaclgr Eged-t8emoval

Fol lowing ini t ia l  pr imary water processing (see Sec. 7.1.5) the pr imary system would be drained
from an ini t ia l  inventory of 95,000 gal lons to about 26,000 gal lons. Pr imary system circulat ion
would be maintained by exist ing TMI-2 piping systems. The pr imary water chlor ide concentrat ion
would be reduced to acceptable levels pr ior to opening the reactor coolant system to air .

6.L.2 Removal of  RPV Head and Interna' ls

Either after or during reactor pressure vessel (RPV) head removal, the fuel transfer canal (FTC)
would be f i l led with pr imary-system-grade water to the normal refuel ing' level.  Fi l f ing the FTC
would add about 350,000 gal lons of wa'ber.  Circulat ion of this water would be maintained by
exist ing Ti l I -2 systems. Should the rael ionucl ide concentrat ion increase above the target value of

6‐1
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|.1.3  ReaCtOr Defueling

Aftlr r色品。Vallofithe upper internals(see Sec. 6,2
not alleady filled, and connected to the FTC.  Tい

This Ⅲould increase the total inventory of water t
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sing would ,e COnducted using either one of tぃe altelnatives described in Section 7.1.2.

6.1.4‐ Prittary System Flush and Drain

After cottplltion of reactor defuellng, the SFP will be isolated from the FTC attd the iatter will
be dralned.  At this Polnt, the prlmary system wi
26,000 gallons.  The RPV head then will be instal
water to bring the inventory up to 96,000 ga1lon
wlll be initiated (See SeC. 6.5).  The Staff assul
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Section 6.5.

6.2  REACTOR C00LANT SYSTEM (RCS) INSPECT10N

Since curr,nt knowledge about the condition of the TMI。 2 retactor core and reactor coolant system

is llmited, it is necessary for workers to lenter the reactor building to inspect components
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and provide ongoing monitoFing Of imPortant reactor coolant system parameters during the succeeding
steps in the dismantling and cleanup process.

6.2.l  Status and Speclfic Conslderations

The data avaキ lable concerning the status of the TMI-2 reactor do not provide sufficient informa―

tion to determine the extent of damage in the reactor core.  The best information on the possible
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guide tubes, and instrument tubes, has ox村dized).
There has been structural damago in the core as deduced from fissヽ on product release, hydrogen
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expected, and any zirconjum hydrides that did form should not be present as f inely divided part i -
cILs. (Finely divided zirconium hydride is known to be pyrophori t  and could thus'become a hazard
i f  presint Ct ir ing the cleanup opeiat ion.)  Thus, a pyrodl ior ic hazard' is highly-unl ikel .y. .  In any
casa the core wil-l be kept c6rrsiantly covered with witei throughout the defueling so that even if
s igni f icant hydriding exists,  pynophoric events are not possible.

6.2.2 Alternat ive l i lethods Considered

*Radiat ion values given are average values for al l  workers. These values were calculated by.
evaluat ing the woik to be performed, where the workers wou' ld be, how long the work might take,
conduct in!  scoping calculat ions for hot spots, and then using engineering judgment to evaluate
the average radiat ion f ie ld.

The number of inspect ions required wi l l  depend on the condit ion of the core. Since the envjron-
mental  impact of the examinat ions is expected to be smal l  relat ive to the impact of the defuel ing/
decontamihation operations, and since iny attempt to consider different examination methods for
di f ferent probablb core condit ions wou' ld generate an unmanageable number of combinat ions,- the
fol lowing i iscussion js l imited to a single examinat ion schedu' le for each of two core-condit ion
possibi l i t ies--the best case and the vJorst case. The best case is an est imate of the most favor-
ible core condit ions ( for which a smal ler number of examinat ions would be needed).  The worst
case is for a severely damaged core ( for which a' larger number of examinat ions would be needed).

The planning and damage-assessment inspect ions wi l ' l  be conducted during al l  stages of the decon-
taminat ion/defuel ing operat ion. The pr incipal stages are:

1. Entry into the neactor bui ' ld ing

2, Preparations for reactor vessel head removal

3. Remova'l of the reactor vessel head

4. Removal of  the upper internals from the reactor vessel

5. Removal of  the fuel  f rom the neactor vessel to the spent fuei  pool ( this operat ion wi l l
involve several  stagesr such as fuel  encapsulat ion).

No inspect ions of the core have yet been made.

Beeause of the requirement to sat isfy ALARA considerat ions, the work must be conducted in as low
a radiat ion f ie ld as is pract ical .  Decontaminat ion of the reactor bui lding should therefore be
underway before the f i rst  s igni f icant inspect ion act iv j t ies.

6.2.3 Detai ls of  ' t lethods and Faci l i ! ! !9

Standdrd  techn iques  (e .g . ,  gamma scans ,  v isua l  inspec t ions ,  d imens iona l  measurements ,  chemica l
analysis) wi l l  5e used ior the examinat ion and measurement tasks. The only detai ls considered
here are those needed to est ima+"e (for best-  and worst-case condit ions) occupat. ional radiat ion
doses,* the amounts of contaminated waste that would be generated offs ' i te,  envjronmenta' l  ef fects,
and direct economic costs.  The est imates given are based on the judgment of persons experienced
in reactor design, operat ions, and maintenance. Examinat ions required fr \ r  requal i f icat ion of
reactor coolant system components are excluded.

6 .2 .3 .1  Bes t -Case Cond i t ions

The bases used in makjng est imates for best-case circumstances are: (1) the,reactor-bui lding
would be oecontaminated iqd hot spots would be shielded (see Sec. 5.2') ;  (2) only g minimum_number
of examinat ions would be iequired; and (3) the workens enter ing the reactor bui ld ing would be
required to wear protect ive clothing and use respjrators at least part  of  t 'he t ime.

6 .2 .3 .2  tJors t -Case Cond i t ions

The bases used in making est imates fon worst-case condit ions are: (1) dur ing the period after
reactor bui lding entry dut before openjng the pr imary system,_reactor bui lding decontaminat ion
wou1d be in pro-gress ind not a ' l l  hot l  sprot!  would be shielded; (2) for examinat ions after opening
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the reactor coolant system, the reactor bui lding decontaminat ion would be essent ial ly complete
and hot spots would be shielded; and (3) the wo--rkers entering the reactor building wou1d Oe
$eu!.pd r.e tear protect ive clothing and use respirators ( ful l  or hal f-masks) at least part  of
the time.

6.2.3.3 Logist ics, Crew Size, Work Effort ,  Radiat ion Levels,  Waste Generated, and Associated
F a c i l i t i e s

Est imates for the relevant factors ane g' iven in Table 6.1 and discussed below for the two cases.

Crew Size. The average yJork crew under best-case conditions would consist of three
pF56!Fan instnumeniation and control technician, a health physics technician, and a
special ist /supervison. The average work crew under vJorst-case condit ions would consist
of four people: two instrunente-tion and control teehnicians, a health physics technj*
cian, and a special ist /supervisor.  The crew size would depend on the type of act iv i ty
and on the locat ion of the effort  to be performed. Inspect ion act iv i t ies would be
performed on an intermit tent basis beginning with reactor bui ' ld ing entry and cont inuing
through defuel ing and RCS decontaminat ion act iv i t ies.

l{ork Effort. The probable work effort required for reactor prjmary system inspection
undeFlfi 'T- alternitive is 5200 person-houis under assumed bbst-caie tonditions and
41,000 person-hours under worst-case condit ions (see Tab' le 5.1).  Inspect ions and
examinat ions associated wjth act iv i t ies support ing control-rod dr ive uncoupl ing, incore-
detector removal on instai lat ion, gas sampl ing, rei ;ct-rr  internal and external evalua-
t ions, core evaluat ien, and fuel removal would compris; :  about 85 percent of the effort
under best-case condit ions and 80 percent under worst-case condit ions.

Table 6.1. Average Dose Rates, I ' lork Times, and Cumulat ive 0ccupat ional Doses for Reactor
Coolant Systen Inspection Operations unden Best- and i,,orst-Case Conditions

Operation Stage

Average
Dose Rate
(mrem/hr) I;せ:3 !p[早::景!l♀〕a

Cumulative

Do::Ct::十:8‖]lem)a
Best-Case Condit ions

1. Reactor bui lding entry

2. Preparation for vessel head removal
3. Primary system head removal

4. Plenum removal

5. Fuel removal

TOTAL

tJorst-Case Conditions

1. Reacton oui lding entry

2. Preparation for vessel head removal

3. Primary systen head removai

4. P'lenum removal

5. Fuel removal

TOTAL
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０

　

０

　

０

　

０

１

　

１

　

１

　

１
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1,700

800

300
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25

10

10

10
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11,000

6,900

4,800

8,500

9,900

41,000

０
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９
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avalues rounded to twrr s igni f icant f igures.
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Rarliatlr1 lqyelg. Under best-case conditions, the average dose rate associateti with
F F i f f � J . @ . 1 n s p e c t i o n i s e s t i m a t e d t o b e - l 0 m r e m / h r . a I t i s e s t i n r a t e d t h a t t h e
average worker dose nate prior to reactor coolant system breach under yorst-case condi-
tions uould be 25 mrer/hr because this activity uould be accomplished before reactor
building decontanination; all exaninations nade after the primary system breach under
uorst-case conditions would be conducted after completion of essential reactor building
decontaarination, so a 10 nrenr/hr average dose rate is estimated.*

' l{astes Generated. l{astes that would be generated include 52 incore detector assem-
. : | . 5 n e J f f i a t e d c l o t h i n g ' c o n t a m i n a t e d i n s p e c t i o n e q u i p m e n t ' a n d f o u r o u t . o f - c o r e
t::." nuclear detectcrs under best-case conditions, and eight out-of-core nuclear detectors

and 25 contaminated probes under worst-case conditions.
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minlature T.V. cameras,

6.2.4 Effluenlg_rnd Beleases to the Environment

Vir tual ly no radioact ive eff luents wi l l  be released as a resu1t of inspect ion act iv i t ies.

6.2.5 Environrnental Impacts

6.2.5.1 0ccupat ional Ooses

The expected number of additional cancer mortalities in the work force exposed to the cumulat'ive
occupational doses given in Table 6.1 would range from 0.0058 for the best case (52 person-rem)
to 0.075 for the worst case (580 person-rem). The expected number o'f additional genetic effects
in the offspring of the work force exposed to these levels would range from 0.014 to 0.151.

Since the inspections will occur intermittently throughout the decontamination and clefueling
operationsr there will not be a sepapate work force for these inspections per se. The crews of
three to four people (Sec. 6.2.3.3) wi l l  ideal ly gerform inspect ion-related tasks along with
other core-removal and primary coolant system efforts since inspection and follow up are inte-
gra l l y  re la ted ,  and inspec t ion  requ i res  spec i f i c  eng ineer ing  sk i l l s  (Sec .5 .2 .2 ) .  However ,  i f
the inspections were done at the sane level of effort during each quarter over a three-year- cleanup period, up to 3400 person-hours per quarter would be devoted to inspections under the
worst-case condit ions. Conversely,  i f  the cleanup takes six years and best-case condit ions
apply, about 200 person-hours per quarter would be required.

An individual quarterly (three-month) occupational dose of 1 rem has been selected by the staff
for calculation of t-otal i;ork forg: requirements. The reasons the staff selected this va'lue
rather than limii,s as higir as 3 rem per guarter given in 10 CFR Part 20 are provided in
Appendix L. However, individuals could approach a dose of 3 rem per quarter, if necessary.

t{ith an average radietion field of 10 mR/hr, each person would spend only 100 hours per quarter
on inspection effor:s so as not to exceed 1 rem/quarter. This means that because of dose consid-
erations, each crey of four would exoend only 400 person-hours per quarter; thus, about nine such
crews (36 individual:) would be needed to camy out the 3400 person-hours per quarter of inspec-
tion work that the staff anticipates would be needed under worst-case conditions during a three-
year cleanup period. l lowever,  under best-case condit ions for inspect ion, a single crew of four
could perfor i l  the inspect ions and perform addit ional defuel ing work as wel l .

6 .2 .5 .2  0 f fs i te  Doses

0ffsi te impacts are indist inguishab-le comparred to defuel ing (Sect ion 6.4.5.3).

A closed circuit television system and comunications system
various types of probes for examinat ions (e.9.,  boroscopes,
radiation detectors).

*See Appendix I  for just i f icat ion.
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6.2.5.3 Postulated Accident Effects

The staff,has not identified any potential accidents from this activity that'rould have offsite
effects.

6.2. 5.4 Psychological-Socioeconomic Effects

Psychological-socioeconomic effects relat ive to RCS inspect ion are discussed in Sect ion 5.5.5.4.

6.2.6 Econonic Costs

To evaluate the econonic costs associated with a part icular case, al l  labor costs,  as we' l l  as
costs for equipment and facilities, need to be included. Estimates of the economic costs for the
best-and Horst-case conditions are given in Table 5.2. These costs are estimated on a consis-
tent,  relat ive basis,  and do not necessari ly ref lect al l  costs on an absolute basis.  Thus, these
costs should be considered only as relative costs for the two scenarios (best case versus ytorst
case). The basis for the costs shown here are given in Appendix K.

Table 6.2 Economic Costs for RCS
Inspect ion ( thousands of dol lars)

Item Best Case Horst Case

Labor

Equipment

Facilities

TOTAL

1230

160

0

1390

4910

980

0

5890

About,85![  of  the labor costs shown in Table 6.2 are est imated to be incurred in preparat ' ion for
work inside the reactor bui lding. The major i ty of this effort  consists of t raining and procedure
preparation. Estimated equipment costs consist primarily of special instruments for the necessary
evaulat ions at var ious stages of plant c leanup. Instrumentat ion needs wi l l  be better def ined as
detailed planning gets underway and, in some cases, as work is performed. However, the cost
est imates are not part icular ly sensit ive to these needs and should not be signi f icant ly changed
regardless of specif ic instrument needs. Faci l i ty needs are as discussed under Special  Faci l i ty
Needs in  Sec t ion  5 .2 .3 .3 .

6.3 REI{OVAL OF THE RPV HEAO AND INTERNALS

Removal of the reactor pressure vessel head (RPVH) and the internal components is necessary to
gain access to the reactor core for defueling, and to the bottom of the reactor vessel to remove
fuel debris.

Before the RPVH is removed, other decontarnination activities directly related to RPVH removal
wi1l have been eomp'leted: (1) the primary water will have been decontaminated and the chloride
concentrat ion reduced to a level suff ic ient to proceed with RPVH removal,  (2) the pr incipal
reactor building support equipment and sys{tems needed to proceed with head removal w'il l have been
decontaminated and put into satisfactory l{orking condition, and (3) YJork area decontam'inat'ion
wi l l  have been accomplished in accordance with ALARA princip' les. A' lso, inspect ions of the core
may be accomplished by insert ion of v iewing devices through a port  in the head, pr ior to head
removal.

6.3.1 Status and Specif ic Considerat ions

The reactor pressure vessel head (RPVH) is bolted to the top of the vessel.  As shown in Fig-
ure 5.1, the'contro' l  rod dr ives and the axia' l  power shaping rod (APSR) dr ives extend through the
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RPVH.  BefoFe any core damage had occurred during the accttdent, the control rod drives ・・scrammeo・・
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assembly and bSnding of core support assembly to!RPV.

The staff has recognized that the actual c6ndtttions and ,xtent of damege ギ n the RPV are nct known
and could cover a broad spectrumo  Conditギ ons and damage cannot be accurately determined until
the RPVH has been renloved.  For evaluat卓 6nal purposes, twO sets of postulated condtttう Ons (worSt
case and best case, as outllned below)have been developed.  The staff is of the opttnion that the

i:常3:e8fiinttt111摺LciF辮」1:!°
W f°r eacn ,°,|.lated set of conditions should enco口Pass the

6.3.2  Alternatttve Hethods Consldered            ・                                      t

Regardless of the exact conditlons found inside the RPV, the RPVH and Srrtern31S mOSt llkely would
be removed by the following seven steps (see Fig, 6.l for identification of components).  The
COre W 1ヽl be constantly kept covered with water throughout the operation.

ユ・  PreparatSon of Equttpment.

2.  1‖
掲|すギ世車1常事事B盲常:ごL::モ得増掲rrキギ権」キ高ま富:腎〕F単|ときselTliange allatRe ::R甘+1半1::r, 1品‖:景 [|♀: iキ‖3

is lnstalled it foゃ mS a watertight seal allowing the fuel transfer canal (FTC)to be
flooded.  The fuel transfer canal must be flooded for shielding purposes in order to
remove the fuel from the reactor vさssel to the spent fuel pool or elsewhere.)

3.  Removal of the RPVH closure nuts and studst  (The closure r:uts and studs are the bolts
.        that secure the RPVH to the reュ ctor vessel.)

4.  1増
培辞型キ卓寧1村古ぎぎLギ普伴羊ギ培;鳥景|♀母|ギ半亨里官古吉晋1寸詳」:!l倍景

・  くThe APSR and CR drives are electromechan‐
the reactor control elements.  Before removal of

the reactor head, these drives will be separated from the control element so that ヤ he
rods remaSn in the reactor core when the RPVH is lifted.)

5,  f:増
博出得ギ|ギヽ;ず]H島ぎ科:旦:品d 卜iをf.デ

PVH iS the cover that is removed to galn access to th、

(The upper plenum assembly is a large cyl inder
control rods and pressing down on the fuel assem-

7. Removal of  the core support  structure. (This wi l l  be done after defuel ing (see
f f i F t s t r r - u c t u r e i s a l a r g e b a s k e t . l i k e c o m p o n e n t i n t h � e r e a c t o r
vessel supporting the fuel elements and directing the entering reacior- coolant to the
bottom of the reactor vessel. )

The best-case (most favorable) condit ions are based upon the possibi l i ty that damage is largely
l imited to the core (Ref.  1,  Appendix CI,  Sec. 8),  with minor damage to the other RPV internal
components. (The postaccident survival  of  most of the 52 core thermocouples provides thjs indica-
t ion.)  The l imited damage would not preclude the use of modif ied exist ing tool ing and normal* or
near-normal methods. Core debnis attached to component surfaces could be removed manually by
workers using long-handled tools.  Debris 'Lrapped in component cavi t ies could be removed and

6. Removal of the lenum assemb
rn the reactor vessel for gu'rdrng th
bl ies to maintain proper al ignment.)

*The word "normal" refers to tooling or nethods used in the preaccident mode.
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hanrl led manual ly using long-handled pl iers,  scoops, etc.  Removal methods could be character ized
as nondestructi-ve and-wouli include iny syitem, tooling, or other means now available to facili-
tate removal and mechanical disassembly of components when required for removal.

The removed components can be stored in the fuel transfer canal water or on the operating floor
behind a temporary shielding wal l .

The worst-case (least favorable) conditions are based upon the belief that during the morning of
l lareh 28, 1979 (Rer.  1,  Appendix CI,  Secs. 11 and 15 and Appendix T11, Sec. 2.1 summary).  the
internal RPV envircnment 

'at 
that time may have been dnying out, experiencing high temperatures'

and being thermally shocked by water quenching. Some of the core temperature measurements (Ref. 1'
Fig. CI-I2) ranged up to the order of 2000"F to 2500"F. If RPV interna_l .components reached those
teiperatures, pirtial local melting and sagging of the components could have resulted. tJater
quehching at these temperatures alsb could have caused vrarping and deformation of the components.
Thus, iC is assumed that: (1) some components to be nemoved could have incurred aclident damage
that precludes the use of existing tooling and normal or nean-normal methods; (2) component
removil nay not be possible until core deblis attached to the component. surfaces or trapped in
component Lavities has been removed; and (3) the component removal may be difficult because of
defbnnation or warpage or because of self-welding to adjoining components. Removal methods used
could be character izEd as destruct ive and would- include engineered equipment,  such as: special
tooling to cut the component into fragments in order to remove trapped core debris or accomplish
removaT; special  tool ing to machine ouit  i tems, such as studs, that have become f ixed; and special
tool ing-to' force warped-or deformed components into a conf igurat ion that could be removed.

Any parts of cut up components would be removed from the RPV and tenporarily stored in the fuel
trinifer canal watir unt,il the fragments could be transported out of the canal jn conta'iners.

Ihe handl ing of core debris from the RP\in ei ther the best or worst case requires.special .control
methods and separate temponary storage in the canal vJater until the debrjs can_be tra_nsported. out
of the canal in containirs.  

-The 
sGff has determined that cr i t ical i ty control  should be main-

tained by l imit ing the container size and shape.* Contamjnat ion control  can be maintained by
designin! the cont lainer to al low free circulat ion of water through ports covered by f ine screens'
i f  necessary.

5 .3 .3  Deta i l s  o f  A l te rna t ive  Methods  and Fac i l i t ies

6.3.3.1 Best-Case and l{orst-Case Condit ions for Steps in the Removal of  the RPVH and Internals

The various operations required to remove the RPVH and internal RPV components are listed in
Table 6.3. A discussion of each of these operat ions fol lows.

1. Preparation of Equipment

The preparat ions required are essent ial ly the same for the best and worst case condi l jons. This
effort  involves insthl l ing working platforms, undery{ater l ights;  and temporary radiat ion shielding.
Addit ional ly,  there wi ' l l  be some-prel iminary decontaminat ion of the external surfaces of the
reactor hea'd'service structure, disconnect ion of electr ical  cables and cool ing water l ines, and
check out of APSR drive oPerat ion.

These operat ions may generate contaminated waste, iuch. as RPVH insulat ion, rod dr ive cabl ing, and
minor amounts of OiUris.  The radiat ion environment is expected to be var iable'  ranging from a
low of 2 to 3 mR/hr to hot spot levels of perhaps about 2 R/hr (see Appendix I). l ' lork near t'hese
hoi spots would consist  of  instal lat ion of shielding or possibly operat ions that would_require
oniv i few minutes of worker exposure time. The staff has used an average dose rate of 10 mrem/hr
for-these operat ions (see Appendix I) .

2 .  Ins ta l la t ion  o f  Sea l  P la te

The detai ls for this step are common for both the best and worst condit ions.

*Calculat ions of the minimum cr i t ical  s ize for an opt imum array of U02 fuel in nonborated water
qiue " value of 1.8 f ts for a spherical  shape. A non-sphi:r ical  shape with a larger volume would
i lso be safe. These calculat ions are descr ibed in Reference 3.
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Table 5.3. t{ork Effort, Crew Size, and Radiation Levels for Removal of RPVH and Internals

Normal
Work Effont

(person-hours )

wi景i村世予::lta        i
(perSOn‐hours)       Estimated

Best Case   Worst Case   Crew Size

RPI:]:3°n
0peration

1. Preparation of equipment

2. Instal lat ion of seal plate

3. Removal of RPVH studs & nuts

4. Uncoupl ing of APSR & CR
drl ves

RPVH lift

Removal of upper plenum

Removal of core support
structure

Total

80           2,000        5,000

50             900        1,200

100           2,000       13,000

4         く20 mR/hr

5       10‐100 mR/hr

6         (10 mR/hr

く10 mR/hr

～10 mR/hr

150           6,000

40 1           400

loo           l,20o

100           2,500

600‐700 15,000

6,000

400

2,400

５

　

５

　

５

１ (10 mR/hrC

く20 mR/hrd

(100 mR/hr

5.

6.

7.

aEstimated work effort in a radiation envlronment.

bSee Appendix I.
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3.  Removal of RPV Head Closure Nuts and Studs
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hours for this step to allow for these Potential difficulties.

4.  Uncoupling of APSR & CR Drives
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5. RPVH Lif t

Pr ior to l i f t ing the RPVH, a visual inspect ion of the core wi l l  be made to establ ish as far as
possible the ex[ent of internal core dai l rge, such as hybriding, and physical  interference of
bomponents. An underwater television can'rera inserted through a control rod port could possibly
be used for this inspect ion.

Under the best-case conditions, it is assumed that the APSR/CR drives have not been removed and
the RPVH with the dr ives attached can be I ' i f ted using the normal head l i f t ing f ixture nnd polar
crane. The fuel t ransfer canal is f i l ledl  with water and the inside of the head is decontaminated
by f lushingr.  Then the RPVH is placed on a stonage stand behind a temporary shield ' ing wal l  on the
operat ing t loor.

Under the worst-case conditions the APSR/CR drives have been removed by cutting them off, so
dummy control rod followers must be insta'lled to make sure the control rods are not lifted with
the RPVH. I t  is assumed that,  to l i f t  the head, a force exceeding a predetermined l imit  above
the weight of the RPVH wou' ld be required, so precision jacking equipment is instal led to_replace
the r igging and the head is jacked up unt i l  separated from the RPV. The head is then l i f ted
using the same procedure described above.

As shown in Taole 6.3, a range of f rom 9C0 to 1200 person-hours has been al lowed for this opera-
t ion, which is considerably above the normal requirement of 50 person-hours. Waste prqdured from
this-act iv i ty for both cases could con$ist  of  minor amounts of fuel  and clad debris.  Thjs mate-
r ial  would be col lected under water in special ly designed f i l ters.

|'forker radiation fields would be variable and range from a few mR/hr for underwater operations to
perhaps 100 mR/hr.

6. Rem

Under the best-case condit ions, the plernum assembly can be I i f ted using the internals-handl ing
f ixture and polar crane. Prior to being l i f ted, i t  may have to be jacked-up unt i l  separated_from
the RPV guide keys. Before the l i f t  i i  at tempted, a TV camera_and a periscope may b9 instal ied
to visual ly insp6ct plenum surfaces andi cavi t ies for core debris or damage. Core debris can be
removed by usin! watbr suct ion vacuum erquipment,  grapp' le,  tongs, and lrater_f ' lushing_.techniqles.
Dummy conirol  rod fol lowers can also be. instal led to hold down the APSR/CR assemblies during
p'lenum removal .

Under the worst-case condit ions, the upper plenum assembly cou' ld be stuck in place, making i t
necessary to cut i t  out in pieces, decontaminate the pieces, and transport  them out of the con-
ta inmenfbu i ld ing  in  sh ie lddd conta i r ,e rs .  Debr is  wou ld  be  p laced in  spec ia l l y  s ized  conta iners
that can be handled by the fuel transfer equipment.

As shown in Table 5.3, there is a range of 2000-13,000 person-hours al lowed for these cont ' in-
gencies. This compares vrith about 100 person-hours normally r,e,quired for this operat_ion. .For
iorst-case condit idns, the ent ire i lpper pi ;num assembly, about 110,000 pounds of stainless stee1,
is consjdered waste. I t  would be cut up, perhaps into as many as 150 pieces, and trar jsported out
of the reactor bui lding in ei ther shielded containers or through the fuel  t ransfer ports.  Worker
radiat ion f ie lds should average 

' less 
than.10 mR/hr.

7. Removal of Core Support Stfucture

After the fuel  has been removqrd from the reactor vessel,  removal of  the core support  structure' is
accomplished the same as out ' l ined above for the remova_l 9f  t ! t -e upper plenum assembly.,  i_. .e. . the
core Lupport  assembly is l i f ted using the internals l i f t ing f ixtune and polar crane in the best
case, whi le i t  is cu{ up in 'ro pieces ior remova' l  under the worst-case condit ions.

As shown in Table 5.3, removal of the cor€r support structure could be the m,ost iabot--c-o-nsumptive
step in dissassemblin!  the reactor. ,  Because of uncentaint ies a_ range.of 2500 to.17,000 peY'son-
houi"s has been al lowed, companed with 100 required under normal condit ions. Under wonst-case
condit ions, the core su-pport  structure, consist ing of about 225,000 pounds of stajnless stee1, is
considered waste and witt Oe cut into perhaps about 200 pieces under waten and transported out of
the reactor bui lding in ei ther shielded containers or through the fuel  t ransfer ports.
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6.3.3.2 Logist ics, Crew Size, Work Effort ,  Radiat ion Levels,  l laste Generated, and Associated
Faci I  i t ies

Creu size, work effort  (person-hours),  and radiat ion f ie lds are summarized in Table 5.3 and dis-
cussed below for the two cases.

Crew Size

The cnew size wi l l  vary depending upon the individual act iv i ty and the condit ions encountered.
Some of the.act iv i t ies, such as preparat ion, can effect ively use large crews--as many as l0 to
15 workers--since many of the preparat ion tasks can be accomplished sir : ' ' l taneously.  0ther act i -
v i t ies, such as inspect ions, may require only two to three workers. At ' ,1,  assessing the a.ct iv i ty
and the work that would be accomplished,the staff  judged that an averag{ crevr size of s ix workers
would be used. The difference between best- and worst-case conditiofls, t-;1g1";ore, would not be
the size of the crew, but the t ime and work effort  required to accomplish a given task.

Hork Effort

Person-hours of work effort have been estinated by breaking each case down into major work activ-
i t ies, then est imating the crew size needed to perform the work and the durat ion of the bJork (see
Table 5.3).  Extensive training wi l l  have been performed before work in the :"eactor bui ld ' ing
actual ly begins.

The staff  assumes that operat ions associat*:d with the reactor coolant system, i .e. ,  RPVH and
internals removal,  wi l l  be conducted under condit ions simi lar to a normal refuel ing. t {orkers
would typical ly be sui ted up in a double set of  coveral ls with boots and gloves. Some operat ions
might require respirators for protect ion against airborne part iculates, such as ryire-brushing the
RPVH stud threads or cutt ' ing the control  rod d! ive lead screws. Based upon these considerat ions,
i t  is est imated by the staff  that 15,000 and 45,000 person-hours may be needed for best and worst
cases, respect ively.

Fon the best case, about 40 percent of the effort would be for preparation. For worst-case
conditions, remova'l of the upper plenum and core support structure would account for about 80 per-
cent of the total  work effort ,  not including defuel ing. This compares with the normal effort  of
600-700 person-hours for these steps.

Radiat!sn t iqJds

It  has been assumed by the staff  that most of the reactor bui lding decontaminat ion wi l l  have been
completed before any major work is started on the RPVH. Reactor bui lding decontaminat ion cr i ter ia,
as discussed in Sect ion 5, wi1' l  reduce background radiat ion to low levels,  and the major radia-
t ion source wi l l  be from within the reactor cool:rr l t  system and from the free water surface of the
fuel t ransfer canal.  Hot spots also may be encountered in such areas as around the control  rod
stators and RPVH closure studs. Calculat ions made to est imate the Ievels of radiat ion that may
be associated with these hot spots (see Appendix I)  indicate t i rat  shielding can be provided to
reduce the  gamma rad ia t ion  to  acceptab le  leve ls ;  thus ,  ins ta l la t ion  o f  such sh ie ld ing  js  inc luded
in the est imate of work effort .

Two factors wi l l  have a major bearing on the level of  radiat ion that wi l l  be encountered: (1) the
total  core f ission product inventory is qui te low because the reactor had operated at s igni f icant
power levels for only a few months before the accidento and (2) by the t ime these removal opena-
t ions are conducted, perhaps three to f ive years after the accident,  the reactor f issjon products
wi l l  have decayed fa r  be low t ,he  rad ia t ion ' leve l  encountered  dur ing  a  normal  re fue l ing  opera t ion .

Taking into considerat ion that reactor bui lding decontaminat ion of the 347-f t  level that wi l l
have preceded these operat ions and the fact that shielding can be provided around hot spots, the
staff has used an average gamma dose rate 0f 10 mrem/hr to workers for determining exposure
during work associated with removal of  the RPVH and internal components (Appendix I) .

Waste GenelE::)ed

The contaminated waste mater ials produced fnom the act iv i t ies are as shown in Table 6.4.
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Table 6.4. l{astes Generated during Removal of the RPV Head and Internals

Operation l{aste Generateda

1. Preparation

2..  Insta' l lat ion of seal plate

3. Removal of RPVH studs and nuts

Best case

tlorst case

4..  Uncoupl ing of APSR and CR drives

Best Case

Worst Case

5. RPHV I i f t

5.  Removal of  upper plenum

Best case

bJorst case

7. Removal of core support

Best case

Worst case

RPVH insu' lat ion, rod dr ive cabl ing, minor
amounts of debris.

Sea l  p la te  d iaphnam,  sea l ing  mater ia l .

None.

Stud and nut fragments.

APSR stators, dr ive lead screws.

Al l  control  dr ive statons, lead screwsr
control  dr ive housings, minor amounts of
ch ips  and sea l  mater ia l .

l ' l inor amounts of fuel  and cladding Cebris.

Fuel and cladding debris.

Fue l  and c ladd ing  debr is  p lus  the  en t i re
stain' less-steel upper plenum assembly
weighing 110,000 pounds.

Small  port ion of total  core inventory
of fuel  and ciadding.

Part  of  the fuel  and cladding plus the
stainless steel core support  structure.

asome of the wastes may be recoverable after decontamination.

Assoc ia ted  Fac i l i t ies

Alternat ives discussed in Sect ion 5.2 wi l l  require support  faci l i t ies that also can be used for
the removal of  the RPVH and internals.  The only new faci l i ty that might be needed would be a
water-f i l led pool for special  tool ing development,  checkout and operator training.

6.3.4 Eff luents and Releases to the Environment

5 .3 .4 .1  Normal  Re leases

Before the RPVH is removed, attachments w1l l  be made at var ious points on the head to remove al l
pockets of radioact ive gas that may be trapped inside the RPV. The vessel wi l l  be purged to.
bweep out these gas pockets, and the gas hill tre stored or vented to the environment as deemed
advi3able. I t  is est imated that a, ' raxinium of 100 Ci of  Kr-85 gas, essent ial ly the only radio-
act ive gas present,  would be released from the RPV by this_process._ I f_vented to the environ-
ment,  the ioncentr 'at ion of Kr-85 at the bui lding vent would be 1.77 x 10-3 pCi/ml for about
40  minu tes  a t  the  bu i ld ing  vent i la t ion  ra te  o f  50 ,000 c fm.  Such a  re lease is  no t  s ign i f i can t ly
di f ferent from previous low-level Kr-85 rc, leases vented from TMI-2 from t ime to t ime.
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During certain port ions of these operat ions, the fuel  t ransfer canal and possibly the spent fuel
storage pool wi i l  be f i l led. One opt ion is to f i ' l l  these structures with the decontaminated
water from processing of the l iquids in the AFHB tanks, ' r"he reactor bui lding sump, and the
reactor coolant system. I f  this water is used, i t  would contajn a tr i t ium concentrat ion of about
0.5 pCi/mL. Evap-onation from the surface of these storage pools thus would contain tritium which
would pass which would pass through the f i l ters in the vent i lat ion systems. For the neactor
bui ldi i rg,  with a vent i l i t ion f ' low-of 50,000 cfm, an evaporat ion rate of 10-3 pounds per minute
per squeie foot, and a surface area of 1630 ft2 (transfer canal), the effluent concentrat'ion
wou ld  be  2 .5  x  10-z  pCi /mL.  In  the  fue l  hand l jng  bu i ld ing  the  vent i la t ion  f low is  36 ,000 c fm and
the storage pool are; is 2350 f t2.  Using the same evapori t ion rate (10-3 lblmi. !- fq),  the eff lu-
ent conce-ntr'ation of tritium would be 5.1 x 1g-z frCi/hL. Based on these ventilation rates and
effluent concentrations of tnitium, the total tritium that would be released i,o the atmosphere
from the reactor bui lding and fuel handl ing bui lding during one year vJould be 500 Ci.

Because almost al l  the operat jons discussed in this sect ion wi l l  be conducted under vrater,  few' i f
any new sounces of airborne panticulate activity are expected. However, depending on the level
ofdecontaminat ion achieved during cleanup of the reactor bui lding, some airborne part iculate
activity may be generated simply by people and equipment moving around in the bu'i1d_ing during
remova' l  of  the head and internals.  The result ing eff luents, i f  any, wi l l  be much less than
during the or iginal  bui lding decontaminat ion effort  descr ibed in Sect ion 5.

6 .3 .4 .2  Acc ident  Scenar ios

The main concenns during this operat ion are drop accidents which could lead to a loss of water or
mechanica'l damage to the core. 0f course, careful monitoring and control of boric acid concen-
trat ion to ensuie that the reactor remains shut down as discussed in Sect ion 4.4 is absolutely
essent ia l .

The only f ission product that might be released and become airborne as a result  of  mechanical
damage io the cord would be Kr-85, which is a gas. Al though the Zircaloy_cladding on mgly of the
fuel-elements is expected to have fai led, a fei  of  the elements could be intact and st i l l  contarn
trapped Kn-85. The inventory of Kr-85 in a single fuel  element is about 1.5 Cj,-of  which only a
few-iercent is f ree gas in the gap that could be released by ruptur ing the cladding.

The other possibi l i ty is a bubble of f ission gas trapped in a damaged region of the core that is
released by dropping something on top of the core. Since the pressure in such a bubb1e would be
about two atmosiheres ( j .e. ,  under about 30 f t  of  water) a bubble one l i ter in volume would
contain about 0.1 moles of gas. The composit ion of f issjon gas from low-burnup.fue_l af_ter one
year of decay is 99 percent-stable isotopes of Kr and Xe and about 1-percent Kr-85. Thus a
6ne-l i ter Ou6ble might contain up to 10-3 moles, or 35 Ci,  of  Kr-85 i f  i t  were pure f_ission-_
product gas. Since-the volume o? the reactor bui lding is about 2 mi l l ion f t3,  the rel-e_ase of
SS Ci ot- fr-85 wou' ld result  in a concentrat ion of about 6 x 10-4 pCi/ml inside the bui ld ' ing.
Assuming a vent i ' lat ion rate of 50,000 cfm, 90 percent of this Kr-85 would be discharged to t ,he
atmosphere in about 100 hours.

At this stage of the operat ion, a drop accident that caused a fai lure of the seal p_' late would
result  in diainage of the transfer canal to the reactor bui lding basement,  but would have no
signif icant radiological  consequences sjnce the canal water would contain very l j t t le radio-_
ac[ iv i ty (0.01 pCi/ml,  exclusiv 'e of t r i t ium), and there wou' ld be no fuel  in the transfer canal.

5.3.5 Environmental  Impacts

6 .3 .5 .1  Occupat iona l  Doses

Removal of  the RPVH and internals includes operat ions to prepare and modify equjpment '  to remove
the reactor components from the reactor vesserl, and to remove components that cannot be reused
and other yJaste products from the reactor building.

I t  is the staff 's judgment,  as indicated in Appendix I ,  that the average radiat ion exposure rate
to worker during ai  ent i re shi f t  wi l l  be about 10 mR/hr.  Therefore, s ince i t  has been est imated
(Table 5.3) thaf these operat ions wi l l  require 15,000 to 45,000 person-hours of work effort ,  the
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total cumulative occupational radiation dose will range from 150 to 450 person-rem. The occu-
pational dose includes an estimated 4 to 14 person-rem from inhalation of tritjated water vapor
that evaporates from the fuel transfer canal during removal of the PPVH and internals. The fuel
canal wi l l  be f i l led with prucessed water having a tr i t ium concentrat ion of cbout 0.5 pCi lmL,
which is expected to produce an average tritium concentration in the atmosphere of about 2 x 10-6
pCi/mL in areas'dhere workers will spend about 80 percent of their time.

In order to maintain the average atmosphere concentrat ion at 2 x 10-6 pCi lmL or below, i t  wi l l  be
necessary to arrange barriers and building ventilation patterns so that the fraction of water
vapor at work stations that comes from the fuel transfer canal or any other source of tritiated
water vapor does not exceed about 20 percent of the ,iaturation concentration at 75oF.

The expected number of additional cancer mortalities in the work force exposed to this cumulatjve
dose of radiation ranges between 0.02 and 0.05. The expected numbeF of additional genetic
effects in the offspring of the work force exposed to this cunulative dose of radiation ranges
between 0.04 and 0.12.

Assuming use of three 8-hour shi f ts a day, and crew sizes as indicated in Tab' le 6.5, the opera-
t ions associated with removal of  the RPVH and internals wi l l  require a total  calendar t imb of
three to ten months. The removal of the RPVH and internals above the core will require about two
to six months, excluding removal of  the core support  structure. After.defuel ing, 'an addit ional
one to five months will be spent removing the core support structure ard handling the radioactive
wastes generated.

5 .3 .5 .2  0 f fs i te  Doses  :

The dose estimates presented here for removal of the RPV head and internals are based on the
source terms deve'loped in Section 6.3.4.1. The source terms are for removal of the RPV head
(100 C! of Kr-85) and evaporat ion of water from the reactor bui lding and fuel handl ing bui lding
(500 Ci of H-3 per year). The calculational models used-.to make these estimates and the interl
pretat ion of their  results are descr ibed in Appendix W. The signi f icance of these doses and
their  human health and environmental  consequences are discussed in Sect ion 10.3. The total  body
dose est imaic from the 100-Ci Kr-85 release and the tr i t ium releases are l isted in Table 6.6.-
The total-body proulat ion dose receive,J by the human populat ion within 50 mi les due to these
releases was estimaud to be 4 person-rem.

The offs i te doses due to the part iculate r^eleases mentioned in Sect ion 5.3.4.1 are expected to be
less  than those descr ibed in  Sec t ion  5 .2 .5 .2 .  The es t imates  in  Sec t ion  5 .2 .5 .2  a re  s ign i f i can t ly
less than those due to the 500 Ci lyear source tenm of H-3; hence, the va' lues in Table-6.5 encom-
pass the cumulat ive dose from these act iv i t ies.

6.3.5.3 Fostulated Accident Effects

The_type of-accidents for which source terms are developed in Sect ion 6.3.4.2 involve leakage by
fuel pin fai lu le of Kr-85 from fuel elements and release of a bubble containing Kr-85 gas trappdA
in the core. The amount of krypton released in these accident scenarios is sqsmal l  (1.5 Ci 'per
fuel elenent accident and 35 Ci f rom a trapped bubble) that r .here vrould be negl igible offs i te
doses. 0ther f ission prodttcts that might be released would ei t t rer be in a part icu' late or water-
soluble form and would be entrained in the RCS water for subsequent water processing.

6.3. 5.4 Psychological-Socioeconomic Effects

Psychological-socioeconomic effects nelat ive to removal of  the RPV head and internals are dis-
cussed in  Sec t ion  6 .5 .5 .4 .

6 .3 .6  Economic  Costs

Est imates of the economic costs for the best- and worst-case al ternat ives are given in Table 8.7.
These costs are est imated on a consistent relat ive basis,  and do not necessari ly ref lect al l
costs on an absolute basis.  Thus, these ,costs should be considered only as relat ive costs for
the two scenarios (best case vs. worst cas,e). About 85 percent to 90 peicent of the labor costs
are expected to be incurred in preparat ion for work inside the containment bui lding; the major i ty

- :  . . , ' - j .  j i i r . : !  r , : : - . : . - . . : : ,  i :  l : . : : r j ! , : r : : i  j * ; r : i . . l l , ,1 '1 . . . . . , . : . l t i l t r -q ;L
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Table 5.6. Estimates of 0ffsite Doses to the llaximum Exposed
Individual due to Tritium and Krypton Released

during Removal of RPV Head and Internals

Location Pathway
Dose (mrem
Total-8ody

Nearest ̂
garden-

l{earest mi I k
goat

Inhal at ion
Ground Shine
Vegetable Use
Tota'l

Inhal at ion
Ground Shine
Goat ltl i lk Use

Total

Inha' lat ion
Ground Shine
Vegetable Use
Cow Mi lk  Use

Total

3.4 X 10-2

0
1.2 X 10-1

1.5 × 10'1

1.8 X 10-2

0
1.4 X 10。 1

1.6 X 10コ 1

3.8 X 10-2
0

1.3 X 10-1
5.4 X 10。 2

2.2 X 10-I

Nearest cow milk
and garden

aOos"s were ca' lculated for Gl- tract,  bone, 1iver,  k idney,
thyroid, Iung, and skin. The dose est imates for al l  organs
except bone were the same as that for total-body. The esti-
mates for bone were zero. Doses were calculated for four age
groups: adu' l ts,  teenagers, chi ldren, and infants. The largest
of cach group are l isted in this table. Infant doses are l isted
for the nearest mi lk goat locat jon and chi ld doses are l isted
for the other two.

bThe basis for select ing the special  locat ions is descr ibed in
Appendix U. The actual locat ions are: nearest garden = 1.05
mile east-noptheast,  nearest mi lk goat = 1.02 mi ' le north, and
nearest coyJ and garden = 1.05 mi le east.

Tab' le 5.7. Economic Costs for Removal of
RPV Head and Internals
(thousands of dol lars)

Item Best Case l{orst Case

Labor

Equipment

Facilities

TOTAL

2180

1120

250

3550

4550

1750

250

6550
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working conditionS have blen deterlnined, even though some of the tooling may never be used.  The
fatil村ty needS are not great and consist only of all]‖:: 甘:断
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locations, such as the iturbine hall, exist for this facilSty.

The methods used to make these cost estimates are descrlも ed in Appendix K.    J

6。4  CORE EXAttINAT10N AND DEFuELING

The objective of core examlndtioFl ittd derue,lng じperatio身s ,〔. to determine the extent of damage
to the reactor core antt then remove the fuel asseinbltes and ftel debris,

6.4.l  Status and Speclfic Consldereticng

lnformatうon regarding the present status of the ccre is given ln Section 6,2.1.

Because the actual condtttion of the reactor core is unknown, the staff has developed a framework
wSthin which reasonable boundfng conditions and alternative courses of act!lon can be developed.
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su tヽable decay―heat―removal system will be in operation as described in Section 4.3.  Reasonably
clear water is nelded to conduct detailod core examギ nation and subsequent defueling operattons.
Thus, reactor water clarity ShOuld bo maintaSnod throughout the core examination and defueling

phase.  Fuel assembly dlbris may be inaJvertently rearranged over the top of the core as a result
of removal of the upper plenum.  Some trapped fission product gas may be released during defuel―
ingi thus, monitoring ヽ nStruments may be needed to detect any such releaseo  Maintaining the
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ccre.  The conditions of the fuel are as given in sectギon 6.2.1.
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6.4.2  Alternatttve Methods Ccnsidered

The staff ts considerat ion of the environmental  impacts of core exar. ' inat ion and defuel i rg of the
reactor vessel is based upon the core condit ions described in Sect ion 6.2.7, The d" i f fet 'ences in
est imates of possible cone damage and their  result ing impacts on recovery operat ions have led to
the development of two di f ferent postulated sets of condit ' ions--a best case based on est i inates of
the most probable condition of the reactor core and a worst case that reflects the impact of rrtore
severe damage condit ions (see Sec. 6.2).

The reactor vessel defue' l ing sequence described ,n this sect ion wi l l  involve removing only that
fuel  mater ial  actual ly wi* 'hin the reactor vessel--not mater ial  that may be lodged in other loca-
t ions within the reactor system, such as coolant piping external to the reactor vessel.  Fuel and
part iculate removal f rcm other port ions of the reactor coolant system are discussed in Sect ion 6.5.

The g:neral  defuel ing sequence consists of two senies of act iv j t ies that must be sequanced with
act iv i t ies descr ibed in Sec.t ion 6.3 for removal of  the RPV head and internals.  The f i rst  phase
of the reactor defuel ing wi l l  begin with the conclusion of operat ions 1 to 6 descr ibed in Sec-
t ion 5.3 that provide aicess to the top surface of the core. In thjs f i rst  phase of defuel ing
^emoval of  al l  the fuel  assemblies is accomplished. At that point the defuel ' ing act ' iv ' i t jes wj l l
be stopped unt i l  the lower gr id and core support  assembly are removed in those act iv i t jes descr ibed
in  Sec t ion  6 .3 .2 ,  s tep  7 .

The second and f inal  phase of the defuel ing of the reactor vessel ( to scavenge and hydraul ical ly
vacuum the remaining fuel and c'laddjng mirterial from the bottom area of the reactor vessel) then
wi 

'l 
I be i ni ti ated.

*Exc lus ive  o f  t r i t iun .
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6.4.3  Detalls of Methods and Facilities

Preparations such as destgn, construction, and demonstration of special tooling may take abOut
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Varギous core― evaluatSon activities will be necessary to aid in making operational decisions at
several poSnts in the defueling process_  The removal of the upper plenum assembly from the
reactor vessel wヽ 1l permit the use cf remotely operated equipment and undewater optical viewing

魯職縄翻r器夢ぷ饂 鑑 ズ ヅ慈憚穏
handling and removal apparatus.  As described later, the abヽ lity to re晴love at least one fuel
assembly ttntact from the core perttphery will significantly affect the activities.
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to allow for insertion of lヽfting apparatus into the fuel assemblleso  Some of these guide tubes
nay be structurally deformed or contain debris tha, cannct be removed.  However, it is expected
that some guide tube openings wSll remain clear, especially in peripheral assembl eヽs.

Under the best‐case conditions, some fuel ●ladding and material are expected to be deposited o,
the top surfaces of the upper flat surfaces of thl fuel assemblies (see Fig. 6.3).  Also, struc‐

灘 鑑 よ程 齢 習 盟 ぷ 鮮 器 靴 i瑞 縦 縦 陥 縄 f拙 謡 譜 lj弼 品 d
from the various surfaces.  The worst― tase condtttions would necessitate the removal of additional,
larger pteces of structural material and fuel sections, possibly includttng control and axSal

power shaping rods as well as parts of fuel assemblies that fused to the bottom of the upper

plenum.  Thlse larger pieces would have to be knocked or scraped off prior to completSng the
removal of the plenum strtlcture.  These pieces may fall onto the top surface of the fuel assem‐

bltes and must be removed before the core exanination can be completed.  Removal of loose fuel
materlal during the core examinatioh phase is consldered an important preparatory requirement

proceding th●  actual defueling=

6.4.3.2  Best― Case Conditions

under even the best― case conditions antttcヽ pated by the staff, signSficant damage exi3tS Within
the centl・al portSon of the core, with many of the central fuel assemblies bound or fused together
at the spacer grid elevations (see Fig. 6.3).  Therefore these fuel assemblies cannot be indi―
vidually removed.  However, the staff assumes that under best‐ case conditions the peripheral fuel
83Sembltes have not been damaged to an extent that prevents extraction of at least one complete
fuel assembly using specttally designed rontoval apparatus.  The normal fuel handling machines lift

the fuel assemblies by the top end fltting.  Because successful fuel asserlbly removal depends

upon a structurally sound fuel assembly throughout its length, it is likely that other fuel
remOV81 equipment will be needed.  The cavity created by removal of one peripheral fuel assembly
would PermSt a sequential extraction of fldjacent fuel assemblles radially toward the center of
the core by use cf the same equヽ pment.  At some point on the radial removal path around the core
perimeter, the sequential removal actギ vity would reach those fuel assemblies that have sustained
the most damage.  The removal of these futBl assemblSes will require considerably more effort and
more complex removal equipment.

Any remaining fuel debris and structural inatertal would be removed after the core support struc―
ture was removed using articulated grapplに , equSpment and hydraulic suction apparatus.

6。4.3.3  Worst― Case Conditions

For the worstocase conditヽ ons the staff atcknowledges that core damage cou]d be so extensive that
all of the fuel assemblies have been at least partially damaged and that none of the periphera]
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Figure 6.2. Reactor Vessel Internals and Core Cross Sect ion.
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assemblies can be removed as a complete fuel assembly. As under the best-case conditions, the
fuel assemblies in the upper central portion of the core are bound or fused and cannot be removed
without separat ion into smal ler segments. Under the worst-case condit ions, addit ional procedures
and special equipment would be required to open a full-length cavity on the periphery of the core
in order to begin the nemoval of the first fuel assembly. This initial cavity would be formed by
cutting and removing the baffle plates in a segnent of the core support structure that provides
the most access to the selected peripheral fuel assembly. The removal of adjacent fuel assem-
blies could then progress by use of the special separation and packaging equipment. Removal of
the remaining fuel  assemblies would progress radial ly inward from this locat ion, as under best-
case condit ions.

Operations under worst-case conditions would require the use of specially adapted equipment.
Addit iona' l  tools,  such as hydraul ic jacks, may be required to aid in releasing the fuel  assem-
bl ies from their  pockets in the lower gr id plate support ing the core assembly. The necessity for
use of various items of nemoval equipment will depend on the actual condition of the core and the
procedures chosen. Among the methods reviewed by the staff was that of using cutting tools to
cut and shear segments of the core. Since this method would have impacts that lie between the
bounding condit ions discussed above, this and other techniques are not discussed further.

6 .4 .3 .4  Fue l  Debr is  Hand l ing

The Tl, l I -2 core, as loaded, contained 177 fuel assemblies. I t  is uncertain what the condit ion of
the fuel wil' l be when removed from the reactor vessel; the staff assumes that the fuel will be in
any one or a combinat ion of the fol lowing three conf igurat ions:

Intact--intact, but weakened.

！受
提
ｆ
一≡
一，す
≡
！
コ

.  Fused Sect iorrs--port ions of fuel  assemblies fused to each other such that they wi l l
Fav-to-Te pfiys i cal Iy separated.

.  Core Debris--consists of two types: relat ively large pieces that can be mechanical ly
hff i led, and smal ler pieces that wi ' l l  have to be hydraul ical ly vacuumed and f i l tered.

ln each of the above conf igurat ions, i t  is l ike' ly that the fuel  wi l l  require canning to prov' ide
containment and structura'l lntegrity and to prevent spread of contamination during the steps
involved in transfer fnom the reactor bui lding to the spent fuel  pool.

Transfer of the fuel from the reactor building to the SFP is via transfer carriage/upender and
the fuel transfer tube with the SFP as the end-point.

Inter im wet storage in the spent fuel  storage pool pending packaging and offs i te disposal is
ant ic ipated. Dry vault  or caisson storage in a new onsite fac' i1 i ty is anothen al ternat jve for
inter im storage. These opt ions are descr ibed in more detai ' l  in Sect ion 9'

The procedures and equipment used to handle and package the fuel will be intended to ensure that
(1) i i te personne' l  exposure is maintained at ALARA levels and (2) the probabi l i ty of  a handl ing
accident is minimized.

6 . 4 . 3 . 5  F i n a l  C l e a n u p

Final c leanup of the reactor vessel would be the same under both sets of condit ions and would
begin after removal of the core support :;tructure. Any rema'ining large debris would be removed
wilh remote grappl ing equipment and placed in transfer contajners. Al l  fuel  pel ' lets, ,pieces of
cladding, and other imall debris would be removed from the bottom surface of the reactor vessel
by use of ttre hydraulic suction equipment and scoop-type pickup apparatus. All material would be
placed into transfer containers and moved to a temporary storage location.

6.4.3.5 Specia' l  Tools and Equipment

Some of the special remotely operated removal tools and equipment that may be needed-w'i11 require
signif icant lead t imes for-procurement or for design and fabr jcat ' ion. Design.and fabr icat jon
effort  also wi l l  be required to provide mockup equipment for t raining of those indiv ' iduals involved
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in the fuel removal operations. The equipment development and checkout time may diffen signifi-
cantly between best and worst cases, with the equipment for the worst case being more sophisti-
cated and thus requir ing more development and operator-training t ime. Suff ic ient lead t ime must
be included to permit fabnication and checkout of this equipment prior to the start of the train-
I  ng.

6.4.3.7 Logist ics, Crew Size, t {ork Effort ,  Radiat ion Levels,  tJaste Generated, and Associated
Faci I  i t ies

lJhatever method of defueling is eventually selected, the releases and impacts from that method
can be expected to fal l  wi thin the values given in Sect ions 6.4.4 and 6.4.5. Crew size, work
effort  (person-hours),  radiat ion f ie lds, waste generated, and associated faci l i t ies are discussed
below for the two cases.

Crew Size

Core examination and fuel removal were judged by the staff to require specially skilled personnel
fon certain tasks. The work crew involved in the best-case act iv i t ies is expected to average
ten people per shi f t  on a six-shi f t -per-day basis.  The worst-case si tuat ion may require up
to 14 people per shi f t .  0nce ini t iated, each act iv i ty of the defuel ing operat ion wi l l  be a
cont inuous effort  unt i l  completed.

Wonk Effort

The total  direct person-hours inside the reactor bui lding for the trest and worst cases are est i -
mated to be 58,000 and 135,000 person-hours, respect ively.  Under nonaccident,  opt imum condi-
t ions, an undamaged cone can be ioaded or unloaded in about 700 person-hours.

Rad ia t ion  F ie ldg

The staff has estimated an average gamma radiation field of 10 mR/trr for work associated with the
defuel ing act iv i t ies (see Appendix I) .  This is based on the assumption that necessary defuel ing
work areas in the reactor bui lding wi l l  be decontaminated before defuel ing begins. Background
radiat ion from bui lding contaminat ion wi l l  then be quite low and the major radiat ion source wi l l
be from the water surface of the fuel transfer canal. Hot spots may be encountered during change-
out,  repair ,  and modif icat ion of equipment.  These hot spots can be handled effect ively by
shielding and by careful  design of equipment.

Haste Generated

The waste materials expected to be produced from the two sets of conditions are listed in Sec-
t ion  8 .

Assoc ia ted  Fac i l i t ies

Alter 'nat ives previously discussed in Sect ion 5.2 wi l l  require support ing
be used for defuel ing. The only new faci l i ty that might be needed would
for development,  checkout,  and training for any special  equipment.

6.4.4 Eff luents and Releases to the Environment

f ac ' i l i t i es  t ha t  a l so  can
be a water- f i l led pool

The defuel ing and inspect ' ion operat ions wi l l  be conducted through the transfer canal and spent
fuel pool yrater. The only releases expected during normal operations would escape of trapped
f ission gas bubbles as pieces of the damaged core are pr ied apart  and the evaporat ion of t r i -
t - iated water in the transfer canal and spent fuel  pools.  Soluble and part iculate mater ial
re'leased by these operations w'ill be p'icked up by the transfer canal water and removed by the
processing systems as discussed in Sect ion 7.

6 .4 .4 .1  Normal  Re leases

The concentrat ion of Kr-85 in the reactor bui ' ld ing which might result  f rom the release of 35 Ci
o f  f i ss ion  gas  y ras  d iscussed in  Sec t ion  6 .3 .4 .2 .  Any  a i rborne  par t i cu la te  ac t iv i t y  in  the  e f f lu -
ent from the reactor bui ld ' ing during the defuel ing and inspect ion operat ions is expected to be
much less ( less than 20 percent) than during the ini t ia l  decontaminat ion of the reactor bui lding
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(see Sec. 5.2). - Tritium releases from evaporation of the transfer canal and spent fuel storage
pool water are discussed in Sect ion 5.3.

6.4.4.2 Accident Scenarios

During the defuel ing act iv i t ies, the main accident concern is related to loss of water fnom the
transfer_canal.  This could occur i f  the canal sea1 plate were damaged (e.g.,  with the vessel
head). Failure of the seal plate would cause a loss of water in thi poiti-or of the transfer
canal above the reactor vessel and in the adjacent shallow region. l{atLr would not be lost from
the-deep part next to the transfer tubes, the spent fuel storage pool, or the reactor vessel. An
accident that causes failure of the seal plate and the subsequeht l6ss of water from the fuel
transfer eanal could involve the overheatihg of a subassembly it one wene in the sha'llow part of
the fuel  t ransfer canal at  the t ime of the accident.  Al though i t  is l ikely that a sizabie leak
!n -Lhe seal p'late would be immediately detected, the rate of water loss could be so rapid that a
fuel tnansfer could not be completed before signi f ieant loss of shielding occurred. 

' In 
this

case, an uncooled fuel  assembly could possibly be si tuated in the canal for an extended perjod of
t ime.

Fuel would no_t bq present in the shal low region except dur ing a transfer or whi le being placed in
a container (can) for a transfer. For the purpose of this atcident analysis, a fuel aldembly is
assumed to be present in the shal low region when water is lost.  At the t ime of defuel ing, the
decay heat generation rate in a single fuel assembly will be on the order of 500 watts of less;
hence, not much cooling is needed. However, depending on the time it remained uncovered and on
the g_eometry, the fuel might heat up and release some fraction of the gaseous fission products
(Kr-85) trapped in the fuel matrix or in the fuel-clad gap. It is estimated that a mai(imum of
l0 percent of the gaseous act iv i ty would be released in this manner.  A fuel  assembly could
contain a maximum of 320 Ci of Kr-85. The resultant concentration in the reactor building would
be comparable to the release discussed in Sect ion 6.3.4.2.

A recr i t ical i ty associated with the movement of fuel  or control  rods during the defuel ing cannot
occur as long as the boric acid concentration of the water is maintained above 3000 pprn. 'lhe

consequences of an accident that causes the water to drain from the core are djscussed in
Sect ion 10.

5.4.5 Environmenta' !  Impacts

6.4.5. 1 0ccupat ional Doses

The average dose rate to workers in work areas is expected to be about 10 mrem/hr (Appendix I)
for both best-case and worst-case conditions.

Under best-case condit ions, complet ion of inspect ion and fuel removal w' i l l  require 58,000 person-
hours and result  in a cumulat ive occupat ional dose of 580 person-rem. Under worst-case condi-
t ions, complet ion of fuel  inspect ion and removal wi l l  require 135,000 person-hours and result  in
a cumulative occupational dose of 1350 person-rem.

The occupat ional dose includes an est imated 20 to 40 person-rem from inhalat ion of t r i t iated
water vapor that evaporates from the fuel transfer canal and spent fuel pool during core exami-
nat ion and defuel ing. The fuel canal and pool wi l l  be f i l led with processed water having a
tr i t ium concentrat ion of about 0.5 pCi/ml,  which is expected to produce an average tr i t ium
concentration in the atmosphere of about 2 x 10-6 pCi/mL in areas were workers wi'l l spend about
80 percent of their  t ime.

The staff  expects defuel ing to be performe<l on a six-shi f t -per-day basis,  with ten-member crews
for the best-case condit ions and l4-member crews for the worst-case condit ions. For the best
case, each shif t  could be eight hours long, and crew members would vJonk jn the reactor bui ld ' ing
for four hours and spend four hours performj ing related act iv i t ies such as sui t ing up and desuit ing,
personal radioact iv i ty monitor ing and decorrtaminaton, and training. Thus, there could be six
ovenlapping 8-hour shi f ts over a 24-hour period. Each crew member could be l imited by the l icen-
seers administrat ive controls to no more than I  rem per quarter;  thus, assuming an average dose
rate of 10 mrem per hour, each crew member could be limited to 100 hours per quarter in the
reactor bui lding. The reasons for the stal ' f 's select ion of this value (for calculat ion of man-
power needs) rather than l imits as high as i l  rem per quarter given in 10 CFR Part 20 are provided
in Appendix L. However,  individuals may receive doses up to 3 rem per quarter i f  necessary. For
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a dose of I rem per quarter, 2.5 times as many crew members Yould be needed as would be the case
it-ii if i ing requiremdnts Heie not controlled 6y the need_to limit radiation doses. If radiation
exposure wEre riot a consideration, each crew member could work at least 250 hours per quarter.
tnL Aaity work force requirement would be a ten-member crew for each of six shifts per. day' or
60 crew 

-members. 
For the quarter, therefore, 2.5 times as many workers would be needed, or

150 crew nembers.

For the worst-case estimateo six lQ-hour shifts a day (with four of those hours. per shift spent
in the reactor building) wolld be needed. The extra two holrs per shift would be for the extra
tiaining anO plinning [liat would be needed bey,ord that nequired f-ol.the best case. If l4-member
criws WEre usdd under- worst-case conditions, 210 crew membbrs Hould be needed. The exact size of
itri woif iorce may varyr depending on wheth'er unforeseen difficulties develop and on ap-plic-ation
oi- t t re i icenseeiJadmi-nistr i t ive 

-quarter ly 
dose check point procedures (see Appendix L).  Given

these variab'les, the size of the wdrk force could range from 150 to 250 individuals.

For the best-case conditions, six l0-member crews would spend a total of 24 hours (four houtrs per
shif t )  each day in the react6r bui lding. This would Og_?10 person-hours per day. _fol-1 calendar
quart6n of gQ-days, the work ef,fort in ttre reactor building would,.therefore, be 21,500 person-
tiours. S'ince 58,000 person-hours ane expected to b_e needed, about 2.7 quarters, or 8-months'
iluia elapJe bef6re d'efueling would be cbnrpleted. For the worst-case estimate,_u91ng l4-member
criws, g0;ZCO person-hours wo-uld be expendeh per quarter. The work effort of-135,000 person-hours
iouta' thul-re{uire about 4.5 quarters, or 13 mondhs. The durat ion of defuel ing operat ions thus
is estimated to be 8 to 13 months.

Based on the above values of occupational dose and work force,- the expected number of additjonal
cincer mortalities in the work fdrce exposed to this cumulative occupational dose would range
from 0.08 for the best case to 0.18 for'the worst case. The added probability that the average
individual worker would die of cancer varies fnom 1 in 1400 to 1 in 1900. The expected number of
"aaitionii glnefic effects in the offspring of the work force exposed Yrould range from 0.15
t o  0 . 3 5 .

5 .4 .5 .2  0 f fs i te  Doses

The offsite dose estimates to the maximum exposed individual resulting from_ core examination and
i l iuei ing-operi i ions are based on source teims described in Sect ion 6.4.4.1 (35 C-i  of  Kr-85.and
iO pe""" i t  6i  i t "  source term l isted in Table 5.10, and assuming no tr i t ium is released) and are
tts iea in Table G.B. 

-The 
ci lcutat ional models used to make these est imates and the inte.rpretat ion

of their  results are descr ibed in Appendix tJ.  The signi f icance of these doses and their  human
health and environmental  consequencds'are discussed in Sect ion 10.3. The total-body populat ion
dose received by tlre truman popuiation within a 50-mile rad'ius from these activities was estimated
to be 2 x 10-3 penson-rem.

6.4.5.3 Postulated Accident Effects

The type of accident postulated in Sect jon 6.4.4.2,_ which would result  in offs i te doses'-- is- that
oi-un!'ouering a fue'l 'assembly and subseq-u-ently releasing 32 Ci o-t. f.q-pS.. The doses offsite
r"rui t ing frdm such a re' leas6 are insignif icant,  and they are negl igible in comparison to those
trom itrJrouiine decontamination openafions. Consequently, no numenic values for this accident
scenario are presented here.

6.4.5.4 Psychological-Socioeconomic Effects

psycho' logical-socioeconomic effects relat ive to core examinat ion and fuel removal al 'e discussed
i n  S e c t i o n  6 . 5 . 5 . 4 .

6 .4 .6  Economic  Costs

To evaluate al l  the economic costs direct ly associated with a part icular al ternat ive-,  al1 labor,
; ; . i i idt ; ;a equlprent costs need to be i i ic luded. Est imates of the economic costs for the best-
ino *o" i l - i i ie i r ternat ivel  are given in Table 5.9. These costs are est imated on a consistent
rei" i iv" basis and oo-*t  necessai i ly ref ]ect al l  costs on an absolute basis.  These costs should
6e' ioni iO""eO onty is ie lat ive costs for Lhe two scenarios (best case versus worst case).
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Table 6.8. Oose Estimates for the lllaximum Exposed Individual
from Core Examination and Defueling 0perations

一．
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！！一！・Locati on

Dose (mrem)a

Pathway Total-Body Bone Li ver

|'3告予iとnb

Neanest mi lk
goat

Nearest cow milk
and garden

I nhal ati on
Gnound Shine
Vegetable Use

Total

Inhal ati on
Ground Shine
Goat  Mi lk  Use

Total

I  nhal at i  on
Ground Shine
Vegetable Use
Cow Mi lk  Use

Total

4.8 × 10-7

1.9 X 10-6
3.7 X 10‐ 5

3.9 X 10‐ 5

7.3 X 10-7
1.8 X 10-6
3.l X 10-5

3.4 X 10-5

9,O X 10-7
2.8 X 10‐ 6

3.6 X 10‐ 5

1.2 X 10-5

5。2 × 10‐5

6.3 X 10白 6

1.9 X 10-6
1.6 X 10-4

1.7 X 10-4

2.5 X 10‐ 6

1.8 X 10-6
2.2 X 10,4

2.2 X 10。 4

6.9 X 10-6
2,8 X 10-6

2.4 × 10‐4

5.5 X 10‐ 5

3.0 × 10-4

8.6 文 10-7

1.9 X 10-6
4.2 X 10-5

4.5 X 10-5

5.7 X 10‐ 7

1.8 × 10-6

2.5 X 10-4

2.5 X 10-4

9.5 X 10‐ 7

2.8 X 10‐ 6

6。2 X 10-5

4.8 X 10-5

1.l X 10-4

aDoses were calculated for total-body, GI-tract,  bone, I iver,  k idney,
thyroid, lung, and skin. The maximum three organ doses_are l isted jn this
table. Doses were calculated for four age groups: adults,  teenagers,
chi ldren, and infants. The highest dose est imates for each age group are
listed. The dose estimates for the nearest garden and nearest cow and gar-
den 

' locat ions 
are for chi ldnen. The dose est imates for the nearest goat

'location 
are for adults for total-body, and fon infants are for bone and

I i  ver.

The basis for select ing the special  locat ions is descr ibed in Appendix H.
The actual loact ions ane: Nearest garden = 1.05 mi les east-northeast '
nearest mi lk goat =L.02 miles north, and nearest cow and garden = 1.05
mi les  eas t .

Item

Tab le  6 .9 .  Econcmic  Costs  fo r  Defue l ing
(thousands of dol lars)

Best Case Worst Case

Labor

Equipment

TOTAL

6,620

5,860

12,480

9,910

59860

15,770
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Because of unclrtainties as to the condition of the core, Plus lead time required for tooling,

the staff has assumed that
training wi l l  be the same
remove and suppont removal

regardless of the core condit ion, costs for preplanning, tool ing'  and
for both the best and worst cases. 0n1y the cost of labor required to
of the fuel  wi l l  be di f ferent for the best and wonst cases.

Companed to the labor and equipment costs,  the faci l i ty needs are smal l .  In addit ion to the
Hater-f i l led tank mentioned in Sect ion 6.3, a fair ly large mockup area wi l l  be required to set up
the special  tool ing for operaton training. The staff  has assumed that sui table mockup locat ions
wi l ' l  be avai lable onsite and has made no al lowance for faci l i ty costs.

5.5 DECONTAI{INATION 0F PRIMARY SY9TEM C0]IIPONENTS

Postaccident analyses at THi suggest that fuel debris and perhaps other particulates were scat-
tered throughout the primary system.l'2 Fission products are thought to have been carried from
the exposed fuel and subsequently plated out on all primary system component inner surfaces. The
objective of decontamination of the primany system components is to remove the 1 rel debris and
other particulate matter from the system and reduce the fission product plateout on internal
surfaces to a level s imi lar to that of  operat ing reactors. For purposes of this discussion,
decontaminat ion of the pr imary system components is considered as being pr incipal ly two dist inct
act iv i t ies--draining and f lushing and chemical deconiaminat ion.

6.5.1 Status and Specif ic Considerat ions

Before decontamination of the primary system components begins, r€.rctor core defue'ling and removal
of the RPVH and reactor internals will have been completed. The cor':ponents to be decontaminated
are the reactor vessel, the steam generators, pressurizer, fuel transfer canal and reactor drain
tank, drain tank transfer pumps, reactor coolant pumps and motors, Ietdown coo1ers, and associated
pi pi  ng.

A number of special  factors must be taken into considerat ion in the planning and execut ion of
component decontaminat ion. Attent ion must be given to f lushing and chemical ly decontaminat ing
the  dead legs ,  low po in ts ,  d ra in  and vQnt  l ines ,  f lush ing  connect ions ,  and in jec t ion  1 ines . .
Chemical decontaminat jon solut ions should be compatible with component mater ials.  Spot appl i -
cation of chemicals may be necessary. The inventory of contaminated solutions generated by
f lushing and decontaminat ion should 5e kept as low as pract ical .  Acquisi t ion of addit ional equjp-
ment or systems needed to f lush and chemical ly decontaminate the pressurizer because of i ts
locat ion in the system, must be planned.

Decontaminat ion of the reactor drain tank may present special  problems. The tank (and i ts asso-
ciated piping) is part ial ly submerged in highly contaminated water in the reactor bui lding base-
ment and is bel ieved to contain high levels of radioact iv i ty because of the presence of contam'i-
nated reactor cooling water and core debris. The exact condition of the tank is not known, but
i t  is bel ieved to be-structural ly sound and to contain reactor cool ing water.  The neactor drain
tank transfer pumps and coolers also are submerged in water. Repair of some components may be
necessary.

The reactor coolant pumps and notors are not in operation and it is not known if they are oper-
able. I t  is bel ieved that the pumps are mechanical ly sound. The pumps were shut down during the
accident when they were vibrat ing because of being vapor bound, rather than because of pump
malfunction. Two of the pumps were operated (one at a time) for a total of about one month after
the accident to provide forced cool ing through the pr imary loop. The condit ion of the motors at
this t ime is not known. However,  pump notor and cabl ing damage, both mechanical  and electr ical ,
cou ld  have occumed as  a  resu l t  o f  reac tor  bu i ld ing  cond j t ions ;  e .9 . ,  the  bu i ld ing  pressune
increase during the accident and the high humidi ty of the atmosphere jn the bui lding..  Pump
shafts,  shaft  iea1s, and impel lers may hive been damaged by vibrat ion caused by the pump's being
vapor bound. A laydown area for pump and motor dismantling and decontamination may be needed.

The letdown piping and coolers aj lso are submerged in the highly contam'inated water in the neactor
bui lding basement.  Both coolers were onl ine during the accident and, thenefore, have been exposed
to highly contaminated reactor coolant.  I t  also is expected that these coolers w' i l l  contain a
considerable amount of highly radioact jve plateout,  est imated to range from 10 to 100 pCi/cmz.
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6. 5.2 Alternative l,lethods Considered

The decontamination of the primary system components can be considered principally as two distinct
act iv i t ies--removal-  of  loose part iculates and removal of  more t ight ly 'adhering f ission-product
plateout.  - I t  is l ikely that part iculates can be removed by draining,- f lushing, and f i l t iat ion,*
but that^-plate_out removal will require use of chemical rCagents. 

-Reactor 
siitem inspections'

(Sec. 6.2),wi l1 indicate the sequehce of operat ions, but the staff  ant ic ipat6s that pir t iculate
removal wi l l  be camied out f i rst .

The f i rst  act iv i ty considered in this sect ion is removal of  part iculates that may have been
scattered _throughout the prirnary system and that cannot be readi'ly removed by use of chemical
reagents (Sec.6.5.2.1).  Al though the exact quant i t ies, locat ioni ,  and compbsit ion of these
particulatei a1e unknovJn, the staff believes that most of the primary systdm \:omponents are
contaminated with part iculates consist ing pr imari ly of  i r radiat 'eO fuel and oxidized cladding
(Zr0z ) .

The second activi_ty considered is removal of fission product p'lateout material adhening to vari-
ous internal surfaces of pr imary system piping and tomponents (Sec. 6.5.2.2).  Al though the
actual concentrat ion of plateout mate;" ials is unknown, higher concentrat ions of plateoufcould be
expected in areas of heat transfer than in other parts of the system. Plateout removal using
chemical solut ions is a wel l -developed and effect iv 'e decontaminat ion technique.s 

-

6.5.2.1 Part iculate Removal Using Drain and Flush Techniques

Reactor Coolant System

Two al ternat ive methods have been considered for f lushing the reactor coolant system: (1) using
the exist ing reactor coolant puinps and (2) using system pressurizat ion.

Reactor Coolant Drain Tank

Because of the system configuration, the reactor coolant drain tank is discussed separately from
the rest of the system.

Two altennative methods have been considered fon the draining of the neactor coolant drain tank.
The on' ly di f ference between them is the method of in i t ja l  draining. Under the f i rst  al ternat ' ive,
the tank contents would be drained to the reactor bui lding sump; under the second, the contents
would be drained to the reactor coolant bleed holdup tanks. Instal lat ion of drain l ine f i l ters
urould be required for ei ther al ternat ive.

Drain tank f lushing would be the f inal  step for both of the al ternat ives. Flushing would consist
basical ly of f i l l ing the drain tank with water and drain' ing the water to the reactor coolant
bleed holdup tank, fol lowed by manual f lushing with hoses and water jets.  Flushing a' l ;o would
include the l4- inch-diameter pressurizer rel ief  v ir ' lve header.  Smal l  

' l ines 
of 2 inct ies cr less in

diameter would be flushed by other means, removed and capped, or replaced.

6.5.2.2 Plateout Removal Using Chemical Decontaminat ion Techn' iques

l, la jor considerat ions involved in chemical c leaning of the reactor coolant system are (1) the
chemical reagents to be used and the method by which they are prepared for use, and (2) the
procedures used to conduct decontamination--more specifica'lly, the method used to transport the
chemical c leaning agents through the coolant system. The reagent chemicals used for decontamina-
t ion normal ly would be shipped in concentrated form and then di luted with water for use. To
prepare the solut ions, large tanks with mixing capabj l i ty would be needed. The exist ing reactor
bleed tanks or the borated water storage tank cou' ld provide this capabi ' l i ty.  Contaminat ion
remaining after drain/f lush act iv i t ies would probably be in the form of act ivat ion and f ission
product plateout in the corrosion product f i ' lm and some part jculate uranium oxide rrot removed by
i lushing. Fi lms on stainless steel and other high n' ic l ie l  al loys are not easi ly nemoved and
require ei ther corrosive treatments or some condjt ioning step to change the f j lm character ist ics.
Sat isfactory procedures have been developed for removing such f i lms on surfaces of pr imary coolant

*Design of part iculate f i l ters wi l l  require considerat ion of potent ial  cr i t ical i ty hazards.
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systems of nuclear reactors and for decontaminating th,e- surfaces.b Six alternative processes
6ivi-Uien conliOered for the TIII-2 cooling system:- (1) OPG process should fuel particulate
dissolution be necessary, (2) the oxalic-c-itrlte-peroxide -process,-(3).the CAN-DECOtt p119t::
(+j-ini iiiaiine pe-r-minianail:citroi (AP-citrox) process, (b) ttre itta.line permanganate;ammolium
i i t rate process (hPAC),-and (6) the Dow Chemical NS-1 process. Detai ls of  each are given in
Appendix P.

Circu'lation of Chemical Solutions through Principal Reactor Coolant System ComPonents

Two alternative methods of circulating the decontamination reagents through the principal reactor
coolani system components (Fig. 6.4)-have been considered: use of the exist ing reactor coolant
pumps or use of new pumping equipment.
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systems of nuclear reactors and for decontaminating thc surfaces.5  six alternative

CirculatSon of Chertttal Solutions to the Reactor Coolant Drain Tank

ptping uご砥dL。
'穐

cとi3こふ古ンor store flush solutiOns most llkely would have been already

Two alternative met. s have been considered for circulation of chemical decontamination solution
to-"emove iission product plateout from the internal surfaces of the reactor coolant drain tank.
One mettroO would b'e to fedd and bleed (drain) the chemicals through the _tank; the other method
*oufJ-UC to f i l l  the tank and then recirculaie the contents. For-both al ternat ives, decontami-
nilion solutions could be provided from a makeup system during the decontamination process.

Chemical Dqcontamination of Reactor Coolant Pumps and ttlotors

The procedure for reactor coolant pump decontamination would depend on the condition of the.pumps
anO 

-pump 
motors, which could rangb fiom insignificant contamination of motor internals and no

aimage to eitnef the motor or the wetted pump-components, to a condition of high levels of conta-
minalion and severe damage to motor and wetted pump components.

Two alternatives have been considered by the staff for decontamination of the external surfaces
of the four reactor coolant pumps and moiors. The f i rst  al ternat ive would invo1ve inplace.decon-
tamination; the second uroulb- involve remova'l and out-of-containment decontamination' and/or
ailpJti i. 

'rnpiace 
Gcontlmination would be camied out in the reactor building, ry-l9l_9!!:91-

containment dbcontamination, the pumps would be moved out of the building. Inplace decontamina-
tion would Ue carrieC out in cas;s ;hen only minor contamination of the motor internals and no
iigiificant-carage to ttre motor and other iump components had occurred. Out-of-containment
deiontamination iould be necessary if there'wa's contamination or severe damage to the rnotor or

ffip;il i l"nis. ff,ese alternatiies do not cove.r those pump components.that are normal'ly exposed
io i,t"-p|imiry cootint. Those components vrould be decontaminated with the reactor coolant system
as discussed previouslY.

5.5.3 Detai ls of  l i lethods and Faci l i t ies

6.5.3.1 Part ic le Removal Using Dnain and Flush Techniques

The draining and f lushing a' l ternat ives considered di f fer only_in the equipment used and work
eiiort-fperion-trours) re{uirea to- perform a given activity. Processed and demineralized water
r-unnhahlv sould be u.La tir flushin'o. as Drac-tical . The uie of "new" water would be minimized.
|:ti:5ゴiモ車名i可爵 tc称

付us肘屯,as praお 劇 .The uる e of"neぜ water wo胡d be ttnimized
)recetve and/or store flush solutions most llkely would have been alrea

desludged and decontaminated.

Reactor Coolant System

Flu:hi lg Using the. Reactor.g.o,o_l,al .9 PuTns. This al ternat ive wou' ld involve the use of the reactor
c o o | a n E p U m p s ' a l f f i c o n e f i l t e r ; n s t a l l e d i n t h e r e a c t o r v e s s e l , a n d i n 1 . i n e
f i ' l ters in reactor coolant system drains.

After the reactor defue' l ing is complel ;ed and the fuel  t ransfer canal has been drained,-the.core
i i i i i r -wouiO-oe instal led in the reactor vesse' l  and the RPVH would be reinstal led. Th' is f i l ter

wouia nt-aeiigneo io-i irmit uicrtto*,rnd to al low f low Pvnasp.i l  t trg_g19ssure drop across it
i i" i"a"O i-prEiir iued'value. Instrumerntation would be included to monitor f i l ten performa_nce.
naait ionat t i l ters woura be instal led on the reactor coolant system dnains to trap part iculates
during the drain and f lush activit ies.
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Figure 6.4. Schematic Drawing of Pr imary System.
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To permit use of the four reactor coolant pumr s fop flusrring operations, the reactor system would
be f i l led with water,  borated as necessary, and then pressurized so that the coolant pumps could
be operated, hlater flow thnough the four pump legs would be used to wash the particu'lates to the
core f i l ter.  Drain and sample l ines on the var ious f low loops would be opened and the l ines
f lushed to in- l ine f i l tens. Part iculates col lected in the f i l ters would be placed in storage
contai ners.

The water would be circulated throughout tne system, with the part jculates being captured in a
core f i l ter.  During circulat ion, d:"ain valves wou' ld be opened to f lush part iculates to cartr idge-
type,  in l ine  f i l te rs .

The advantages of this alternative are that flushing would tre largely a remote operation and
would not require removal of ma.ior components. The disadvantage is that the design, construc-
t ion ,  ins ta l la t ion ,  and d isposa l  u f  the  spec ia l l y  bu i l t  core  f i l te r  wou ld  be  cos t ly  and t ime
consumi ng.

For the radiat ion level est imate for f lushing the reactor coolant system, i t  was assumed that the
reacton bui lding and component external surfaces wi l l  have been decontaminated to essent ial ly
clean condit ions and that local hot-spots wi ' l l  have been shielded before the f lushing operat ion.
The radiat ion exposures est imated here apply only to direct ef fort  associated with this f lush/
drain act iv i ty.  To take into account the part iculates that could exist  in the reactor coolant
system, the staff  has assumed that a core debris volume of 2x 105 cm3, equivalent to about two
fuel assemblies, is distr ibuted throughout the system, with major col lect ion points at each of
the steam generator inlets and out lets and at the pressur" izer tot tom. These part iculates wou1d
be col lected in several  f i l ters during the f lush. Part iculates captured jn the jncore f i l ter
would be removed and placed in smal ler containers for storage. The inl ine f i l ters conta' in ' ing the
accumulated part iculates would be stored. Changing of f i l ters would const i tute the major source
of exposure for the workers.

Flushing Using System Pressure. lJ i th this al ternat ive, f lushing by use of system pressure would
� n o t r e q u i r e t h e u s e o f r e a c t o r c b o l a n t p u m p s o r s u i p o r t s y s t e m s .
The reactor head (or any other sui table coven) would be reinstal led, and the reactor coolant
system then would be f i l led with water and pressurized with ni trogen in the pressurizer.  This
would provide the necessary pressure for a high-veloci ty f lush of the drain l ines and the sample
l ines through inl ine f i l ters to the reactor bleed holdup tanks.

The advantages of this al ternat ive are that the design, construct ion, instal lat ion, and disposal
of the special  core f i l ter would not be necessary. The disadvantages are that the operat ion
would require more hands-on operat ions (with greater worker exposure) and, depending on the
part iculate size and locat ion, f lushing might not be as effect ive as forced circulat ion using the
reactor coolant punps.

Special  equipment might have to be designed for use with ei ther al ternat ive to permit  use of a
high-pressure water jet  to remove remaining part ic les from the piping. The equipment could be
pul led, pushed, or sel f-propel led through the pipe. This operat ion wou' ld require removal of  the
primary pumps and component access covers to gain access to certain port ions of the piping.
Spray water would be used to f lush part iculates to the nearest 1ow-point drain l ine avaj lable.
Any smal l  piping that could not be effect ively f lushed would be removed and capped.

Reactor Coolant Drain Tank

Flushino and Draininq to Reactor Bui ldino Sumo. The reactor coolant drain tank now contains
FFfmarV cooTant and couid contain both parf i - lates and plateout.  To ' implement this al ternat ive,
personnel would have to be able to gain access to a cjrajn valve on the bottom of the reactor
coolant drain tank that would direct the l iquid to the reactor bui lding sump. Prel iminary calcu-
lat ions that are based on the soluble f ission product concentrat ion in the water and that do not
take into account the presence of part iculates, plateout,  or other nearby sources of radioact i -
v i ty,  indicate that the radiat ion levels may be 1ow, perhaps on the order of 50 mR/hr at the tank
surface. I f  pr imary system inspect ion (Se,c. 6.2) jndicates that these ca1culat ions are accurate
access would not be a problem; however,  i f  part iculates and plat€out are present,  there may be
hot spots that could l imit  personnel access without use of shielding and special  tools.

The advantages of this al ternat ive are that the operat ion would be simple, there wou' ld be l i t t le
impact on schedule, and no refurbishment o,f  equipment would be necessary. The disadvantages are
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that local shielding could be required and additiona'l radioactive water would be released to the
reactor bui,lding sump.

Flushing and Draining to Reactor Coolant Bleed Holdup Tanks. Draininq of the reactor coolant
drain tanl( into the reactor coolant bleed holdup tanks would require replacement or repair of the
drain tank leakage transfer pumps and possibly of the reactor doolant drain pump. In-aodition,
filtration would be required within the reactor building to remove particulatcs from thc water.
Since the pumps are located outside of the drairr tank cubicle, radiltion exposure from the tank
m9y llo! be a problem; therefore, pumps could be replaced and +,he tank drained without special
sh ie ld ing  or  too l ing .

The advantage of this alternative is that no additional radioactive water r{ould be released to
the reactor building. The disadvantage is that system modification and equipment replacement or
repair would be required.

6.5.3.2 Part iculate Removal by 0issolut ion

It is possible that flushing may not adequately remove fuel debris from the RCS. It is very
important to either a rehabilitation program or a decommissioning program that fuel debrrs be
completely removed since each part ic le is extremely radioact ive. Should decommissioning be
contenplate9, this wou'ld advensely effect primary system sectioning and disposal efforts. 

-should

rehabi l i tat ion efforts be contemplated, simi lar problems would ociur with iequired maintenance.
AIso, a clean (fuel debris free) RCS would be required to prevent recontamindtion of the RCS at
_ctartup. One proven so1ut ion for dissolut ion of fuel  element debris is oxal ic-peroxide-gluconie
(0PG) solut ion.o The corrosion result ing from use of this solut ion is general iy minor ior most
reactor matenials of construction. If an inventory of materials of construction jn the primary
system revealed potential comosion problems, apprepriate counter measures would be required.

Since the amount of fuel  element debris that wi l l  be lef t  in the system fol lowing defuel ing and
flushing cannot be determined until the RPVH has been removed and the core damige assessad,
developnent of dissolution equipment schemes are counterproductive at this t.ime. If the amount
of fuel  element debris ' in the eystem is large, sevenal system volumes of dissolving solut ion may
be required to assure that the solut ion does not become too radioact ive to handle l i th exist ing
decontaminat ion solut ion disposal equipment.  Nuclear cr i t ical i ty would be considered in the'
design of the cleanup equipment.  The OPG solut ion is only part ial ly ef fect ive for removal of
plateout material and, of course, the RCS film will have aged so no forecast can be made regarding
the need for further RCS decontamination until fuel debris removal is complete. In any event, up
to this point in the TtlI decontamination, there Hould be no diffenence in the approach for either
decommi ssioning or rehabi I  i tat ior, .

6.5.3.3 Plateout Removal Using Chemical Decontaminat ion Techniques

The chemical decontaminat ion al ternat ives considered di f fer in the type of solut ions used, methods
of preparat ion, methods of introducing the chemical solut ion into the system, and the equipment
used. Decontaminat ion process al ternat ives are detai led in Appendix P.

Reactor Coolaqb System

Circulat ion Usinq Reactor Coolant Pumos. This al ternat ive would involve use of the normal reactor
� e n t t o c i r c u l a t e d e c o n t a m i n a t i o n s o ] u t i o n s t h r o u g h t h ecoolant pumps and
system. The solution would be allowed to flow through the letdown-makeup system and the mini-
decay-heat-removal system both for decontarninatjon and cooling. Additional heat may be removed
by f i l l ing the secondary side of the steam generators with water and maintaining secondary f low.
tdhi le the decontaminat ion solut ion was being circulated, drain l jnes and sample l ine valves would
be opened as necessary and solut ion al l t )wed to f low through the piping to decontaminate i t .  The
reactor head and internals also could bre decontaminated at thj i  t ime i f  they were reinstal led in
the RPV. At complet ion of decontaminat ion, the reactor coslant pumps would be stopped and the
solut ion al lowed to drain tc the reactor b ' leed tanks. The advanlage of this al ternat ive are that
no major pieces of new equipment would be needed, and systems for solut ion mixing and transport
already exist .  The disadvantage is that exist ing equipment (pumps) must be operable befone
decontamination can proceed.

Circulat ion Using New Pumping Equipment.  I f  new pumping equipment,  heat exchangers, and tanks
are used to circulate chemical decontaminat ion solut ion through the reactol 'coolant system, tanks
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nounted on trucks or inplant tanks would be used to mix the chemical solution and then it would
be purnped to the reactor coolant system. As an example, the mini-decay-heat-renoval system could
be used to fil l the primary coolaht system. The solution could be piped to the intake of the
mini-decay-heat-removhl system pump. The heat exchanger could be used to heat the solution, or
an auxilihry heat exchanger could be installed. The chemical solution would be circulated_by
sequencing Lhe opening of various drain valves. Piping would be provided from the drain valves
back to the intake of the mini-decay-heat-removal system purnp. Flow would be establisied through
independent components by opening the drain valves on these conponents. The spray 

'l ine 
to the

pressurizer Hould be connected to the outlet of the pump and then the pressurizcr drain valve
would be opened to promote circulation. At the compietion of circulation, the decontamination
solution would be drained fron the reactor coolant s)'stem into the reactor bleed holdup tanks for
further processing.

The advantage of this alternative is operation of reactor coolant pumps and other reactor support
systenrs would not be required. The disadvantages are that procurenent and installation of addi-
tional equipnent would be necessary and that decontamination rrould require Rore time because of
the lowdr flow capacity of the new chemical solution pumping system.

Reactcr Coolant Drain Tank

Feed and 8leed. For this alternative. decontamination solutions would be introduced into the
TFiiCfi:dlfiEter pressurizer relief vilve header near the relief valves to fil l the tank and
header. 0nce the tank and header were fil led, the solution would be drained to the reactor
coolant bleed holdup tank, while at the same time more solution was being fed into the header.

The advantage of this alternative is that fewer system modifications would be required. Thg
disadvantagCs are that positive circulation would not be ensured, and more liquid wastes would be
generated than for the next altennative.

Recirculat ion. For this a' l ternat ive, a recirculat ion l ine and pump wou' ld be instal led with a
heaFexCF-anger to circulate the decontamination solution from the reactor coolant drain tank to
the l4-inch pressurizer relief valve header at a point adjacent to the relief valves and back to
the tank via ' the header.  t {hi le the solut ion was circulat ing, i t  would be heated to 180-250oF to
increase the effectiveness of decontamination. After decontam'ination was completed, the solution
would be drained to the reactor coolant bleed tank for storage and processing.

The advantages of this al ternat ive are ensured circulat ion and minimum l iquid waste. The dis-
advantage ii ttrat additional equipment and modification to existing systems would be needed.

Chemical Oecontamination of Reactor Coolant Pumps and tlotors

Inplace Decontaminat ion. Inplace decontaminat ion basical ' ly would consist  of  c leaning accessible
f f i o r h o u s i n g ; d r a i n i n g a n d f l u s h i n g t h e o i 1 l i f t s y s t e m ; c l e a n i n g , i n s p e c t -
ing, and replacing pump seals;  and making electr ical  and mechanical  checks. -  This- !s _the proce-
Aui6 ttrat wbuld be ised if the pumps vrere to be operable (perhaps minor nepairs might be needed)
and could be used for flushing and decontamination of the reactor coolant system after pump
decontamination was completed.

Out-of-Containmeni Decontamination. 0ut-of-containment decontamination can be divided into two
� m i n a t i o n a n d r e p a i r a n d ( 2 ) p u m p s h a f t a n d i : r p e l l e r d e c o n t a m i .
nation and repair. Since there are four pumps, it may be found that both types of. effort or only
partial effort is required for a given pump. Under this alternative, the pump motor and p-ump'shaft 

and impeller as'sembly would be renoved from the reactor building to a laydown area for
decontamination and repair.

The pump motors would be decontaminated and repaired or replaced -as needed-. In cases of severe
dama!e,'the motors might have to be r;hipped offsite for repair (such as for rewin_ding of_the
moto;) :  The pump shaft ,  impel ler,  seals,  bearings, and_ other wetted components also would be
deconiaminated, iepaired, oi replaced as necessary to the extent that the pumps could be used.
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6.5.3.4 Logist ics, Crew Size, Hork Sffort ,  Radiat ion Levels,  bJaste Generated, and
, Associated Faci l i t ies

Specific methods for treatment of the various groups of reactor coolant system components will
not be selected from among the alternatives until decontamination work is unden{ay. The staff
has made estimates of crew sizes, work effort, radiation levels, Hastes generated, and special
faci l i t ies needed for each al ternat ive. These est imates are summarized in Table 5.10 and dis-
cussed below.

Crew Sizq. The work crews nequired for each activity are shown in Table 6.11.

t{o1k Effort. The estimates of work effort (person'hours) include a nominal estimate, based on
good':woFffig conditions (low radiation levels, clean atmosphere) and a maximum estimate, based on
adverse Horking condit io-ns (high radiat ion levels,  use of breathing equipment).  The est imates
for the var ious act iv i t ies are shown in Table 6.10. Considerably more effort  is required for
flushing the reactor coolant system using system pressure than for flushing using the reactor
coolant pumps. This is because of the greater number of cartridge-type filter changeouts needed
in the former alternative.

The altennative of out-of-containment reactor coolant pump decontamination has sevenal possible
subaiternat ives. The est imated wo:"k effort  for each subalternat ive is given in Table 6.12.
Equipment movement and hand1ing is a significant portion of the work effort.

Radiat ion Levels.  The average radiat ion levels est imated for each act iv i ty are given in
T55'IeTlffhe activity of draining and flushing reactor coolant drain tanks has somewhat
higher radiat ion levels than for subseguent act iv i t ies because this work effort  could occur
during reac+-or bui lding decontaminat ion. The average radiat ion Ievels for draining the reactor
coolant drain tanks to the reactor coolant bleed holdup tanks are somevJhat lower than draining to
the reactor building sump because the pumps for tne former aJ+ernative are located outside of the
drain tank cubicle.  Since the chemical decontaminat ion of Lr,e reactor coo' lant systent and the
reactor coolant drain tanks would be one of the last act iv i t ies performed, radiat ion levels would
be low.

l{aste Generated. The waste expected to be generated by each activity is given in Table 6.13.
meTfu3h.ing water wil' l probably be processed water, minimizing the overall volume of radioactive
waste water generated.

Special  Faci l i ty Needs. A f i l ter backf lush faci l i ty that would al low partrculate removal and
@ r t n i d g e - t y p e f i l t e r s m i g h t b e n e e d e d f o r t h e f l u s h i n g o f t h e r e a c t o r c o o l a n t
system using system pressure al ternat ives. This would substant ial ly reduce the total  number of
f i l ters needed. The faci l i ty would be a wel l -shielded room with a high-pressure water supply and
suitably shielded equipment for containing the backf lushed mater ial .  No other special  faci l i t ies
have been ident i f ied. The out-of-containment reactor coolant pump decontaminat ion al ternat ive
needs those faci l i t ies used for reactor bui lding decontaminat ion, : iuch as the containment service
bui 1 di  ng.

6.5.4 Eff luents and Releases to the Environment

6 .5 .4 .1  Normal  Re leases

The decontaminat ion operat ions wi l l  generate sol id and l iquid wastes. The sol id wastes result ing
from these operat ions are descr ibed in Sect ion 8. The solut ions result ing from decontaminat ion
operat ions are of two types--relat ively clear water from simple f lushing operat ions and chemical
reagents containing substant ial  sol ids. The treatment of these wastes are descr ibed and result-
ing releases discussed in Section 7. l 'he staff expects decontaminating reagents to be made up
fron processed water;  thus the inventonies of l iquid in the system wi l l  not be increased.

A' l though there wi l l  be f ission product$ present in the decontaminat ion solut ions, the potent ial
airborne part iculates wi l l  be negl igible;  however,  t r i t ium wi l ' l  be released by the evaporat jon
of vrater from the spent fuel  pool.  These releases wi l l  be less than those l isted for the defuel-
ing  opera t ion  descr ibed in  Sec t ion  6 .3 . l t .1  (<  300 C i lyear ) .
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Table 6.10 l lork Effort ,  Crew Size, and Radiat ion Field for Act iv i t ies
in Decontaminhtion of Reactor Primany System

Activ i ty

(person-hours )
Nomi nal b Maximumc

l{ork Efforta Rad ia t ion  F ie ld
(mR/hr)

Nominal ltlaximum
Crew
Size

Flushing Reactor Ccolant System
Using reactor coolant pumps

Using system pressure

[)raining and Flushing Reactor
Coolant Drain Tanks

Dnain to reactor
bui lding sump

Drain to reactor coolant
bleed holdup tanks

Chemical Decontamination of
Reactor Coolant System

Using reactor coolant pumps

Using new pumps

Chemical Decontaminat ion of
Reactor Coolant Drain Tanks

By feed and bleed

By recirculat ion

Reactor Coolant Pump
Decontami nation

In-pl  ace

0ut-of-contai nment

1 ,200 2 ,900

1,300-4 ,500d 2 ,600-10,6ood

9,200

34,000

5 ,000
7 ,000

13,600

40,000

450

1 , 5 0 0

9,000
11, ooo

2,600

6 , 6 0 0

1,100

2,700

０

　

０

３

　

３

０

　

０

１

　

１

100

50

30

20

160

500

０

　

０

１

　

１

０

　

０

１

　

１

０

　

０

１

　

１

０

　

０

３

　

５

3 1 0

6 2 0

aDirect work in a radiat ion environment.
bGood working condit ions -  low radiat jon levels,  c lean atmosphere.
cAdverse working condit ions -  high radiat ion levels,  use of breathing equipment.
dSee Tab le  5 .12 .
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Table 6.11. llork Crews Required for Activities in Primary
Svstem Decontamination

Act iv i ty Crew Required

Draining and
coolant drain

flushing reactor
tanks

Flushing reactor coolant system Five persons for handl ing and instal lat ion of
equipment (two technicians, a supervisor, one
health physics technician, craftsman), four
persons for operation (two technicians, a
supervisor,  one health physics technician).

Two technicians or craftsmen, one health physjcs
technician.

Two technicians, one supervisor,  and one
health physics technician, and two cnaftsmen.

Two technicians, one supervisor,  and one
health physics technician.

Three craftsmen, one technician, and one
health physics technician.

Two technicians, and one health physics
technici  an.

Two technicians and one health physics
technician (mult iple crews).

One supervisor three craftsmen, one tech-
nician, and one health physics technician.

Chemical decontamination of
reactor coolant system

Handl ing and instal lat ion of

Operation

Chemical decontamination of
reactor coolant drain tanks

Handl ing and instal lat ion of
equipnent

Operation

Reactor coolant pump decon-
tami nati on

Inplace

Out of containment

equipment

Table 6.12. LJork Effort  Est imates for Subalternat ives
for 0ut-of-Containment Decontamination of Reactor

Coolant Pump Components

Work Effort
(person- hours )

Subalternative Nomi nal Maximum

0nsite motor repair (motor rewound in
containment service bu' i ' ld ing)

Offsite motor repair (motor rertound
offsi te after decontaminat ion)

ilotor replacement

Pump shaft  and impel ier repair  (onsi te
containment service bui lding)

4,500

4,500
1,300

2,800

10,600

9,000
2,600

6 ,000
ln
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6.13. l{astes Generated from Activities in Prinrary
System Decontami nati on

Activity Uaste

Flushing reactor coolant system
Using reactor coolant pumps

Using .system pressure

Draining and f lushing reactor
coolant drain tanks

Chemical decontamination of
reactor coolant .system

Chemical decontamination of
reactor coolant drain tanks

Reactor coolant pump.decon-
tami nati on

In-pl  ace

0ut-of-contai nment

Two lange core f i l ters,  one core f i l ter
support structure, about 20 cartridge-type
inl ine f i l ters.  l { iscel laneous tools and
equipment, contaminated clothing, contami-
nated cleanup i tems (rags, brushes, etc.) ,
and about 235,000 gal lons of l iquid.

200 cartr idge-type, inl ine f i l ters,  miscel-
laneous tools and equipment, contaminated
clothing, contaminated cleanup i tems (rags,
brushes, etc.) ,  and about 235,000 gat lons of
I  iqu id .

Six cartr idge-type inl ine f i l ters,  miscel-
laneous tools and equipment, contaminated
clothing, contaminated cleanup i tems,
two leakage-transfer pumps, and about
15 ,000 ga l lons  o f  l iqu id .

100,000 to  500,000 ga l lons  o f  l iqu id
(see Appendix P).

Miscel laneous tools,  equipment,  piping, con-
taminated clothing; contaminated cleanup
i tems;  30 ,000 to  45 ,000 ga l lons  o f  l iqu id
for feed and bleed (see Appendix P);  and
15,000 to  25 ,000 ga l lons  o f  l iqu id  fo r
recirculat ion (see Appendix P).

l . l iscel laneous tools and equipment,  conta-
minated clothing, and contaminated cleaning
items (see Appendix P).  Smal l  quant i t ies
o f  l i q u i d s .

l , l iscel laneous tools and equipment,  conta-
minated clothing, contaminated cleaning
items (rags, brushes, etc.) ,  pump motors,
pump shafts,  pump irnpel lers,  and pump seals.
Smal l  quant i t ies  o f  l iqu ids .
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6.5 .4 .2  Acc ident  Scenar ios

To el iminate the possibi l i ty of  recr i t ical i ty,  i t  ur i l l  be necessary to -careful ly inspect the
reactor coolant system to ensure that any remaining fuel particle depositl represent much less
than a critica'l mlss before the boric acid concentiation is reduced below 3000 ppm. Another
potent ial  accident invo' lves the spi l l  of  decontaminat ion l iquid from the RCS into the reactor
bui lding whi le the pr imary system pumps are operat ing. I t  is assumed that 10 percent-(2000_Ci)
of the 

-maximum 
act iv i ty c-ontent ' in. thb untreated l iquids (see Appendix G, Table G.2) is spt l lgO

before corrective action occurs. Because the solution will be at a temperature of about 200oF'
the fraction of activity that would become airborne is somewhat higher thant that at ambient
temperature. Accordingly,  i t  is est imated that 0.1 percent (2 Ci)  of  the act iv i ty is t ransmi-t ted
to the bui lding HEPA f- i l ters,  which release 0.1 percent (0.002 Ci) to the atmosphere in +-he form
of cesium and stront ium, as shown in Table 5.14.

Tab' le 6.14. Airborne Releases of
Principal Radionucl ides due to

a Spi l l  of  Decontaminat ion Liqu' ids
from the RCS into the Reactor Bui lding

Radionucl ide
Total Release

( C i )

Cs-137

Cs‐134

Sr-90

Sr‐89

1,O X 10-3

1.6 X 10-4

7.8 X 10-4

8.O X 10‐ 5

5.5.5 Environmental  Impacts

6 .5 .5 .1  0ceupat iona l  Doses

The cumulat ive occupet ional dose, the expected calendar t ime, and the total  work force required
for  each ac t iv i t y  a re ' l i s ted  in  Tab1e 5 .15 .

0ccupat ional dose, calendar t ime, and personnel required are based upon the person-hours and crew
size given for each act iv i ty in Table 5.10. Occupat ion dose (person-rem) is calculated as the
product of person-hours and radiat ion f ie ld.  The calendar-t ime is based upon cont inuous.opera-
t ion ,  th ree-sh i f t s  per  day ,  w i th  lhe  c rew s izes  ind ica ted  in  Tab le  5 .10 .  In  a l l  cases  the  work
force requirements were determineci using a dose to indiviclual vrorkers of 1 rem per quarter,
rather than by the avai lable work hours in a quarter of a year.

The occupat ional dose associated with these act iv i t ies ranges from about.108 to..1740 person-rem.
The 108 ierson-rem value was obtained by adding al l  the lowest numbers in the "Radiat ion Dose,
Nomina l "  co lumn in  Tab le  5 .15 .  S imi lan ly ,  the  1740 person- rem va lue  is  based on  the  h ighes t
numbers. The decontaminat ion operat ions could be accompljshed with a work force of f rom 85 to
500 ind iv idua ls .  0 f  the  f i ve  opera t ions  g ' i ven  jn  Tab le  6 .15 ,  on ly  the  f i rs t  two can be  done
concurrent'ly. Thus, 85 per.sons would be needed for these two operations.pe.rform_ed concurrently.
The remaini-ng three operi t ions cannot be done concurrent ly,  so that no addit iona' l  persons need to
be inc luded.

The occupat iona' l  dose est imates include about 2 to 4 person-rem from inhalat ion of t r i t ' iated
water vaior.  The tr i t iated water wi l l  be produced by ebaporat ion.from the.fuel  t ransfer canal
and spent fuel  pool,  which wi ' l l  be f i l led with processed water having a tr i t ium concentrat jon of
about '0.5 UCi/mL. Evaporat ion from these open pools of water is expected to produce an average
tr i t ium concentrat ion df about 2 x 10-6 uCi/ml in the atmosphere in work areas in the vic ini ty of
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in Section 6.5.4.1 (300 Ci/year of H‐ 3).  The Calculational models used to make these estimates
and the lnterpretatton of theSr results are described in Appendix W.  The significance of these
doses and thefr human health and environmental consequences are discussed :n Section 10.3.  The

::tilit選竪譜電黙鮭鮒稲替ピピ鼻品_1を品.human Pop耐ation tt tttn■50‐mile radius from these

Table 6.15. Dose Estimates to the Maximum Exposed
Individual due to Tr i t ium during Decontaminat ion

of Primary System Components

Location Pathway ♀:i:11母889よ
Ne3:♀

3とnb Inhal at i  on
Ground Shine
Vegetable Use

Total

Inhal at ion
Ground Shine
Goat  Mi lk  Use
Total

I  nhal at i  on
Ground Shine
Vegetable Use
Cow Mi lk  Use

Total

2.l X 10‐ 2

0
7.2 X 10-2

9.3 X 10-2

1.l X 10-2
0

8.2 X 10-2

9.3 X 10-2

2.3 X 10-2
0

7.9 X 10-2
3.2 X 10-2

1.3 X 10-1

Nearest mi I k
goat

Nearest cow milk
and garden

aDoses were calculated for Gl- tract,  bone, 1iver,
kidney, thyroid, lung, and skin. The dose est imates
for al I organs except bone were the same as that for
total-body. The estimates for bone were zero. Doses
wet"e calculated for four age groups: adults,  teenagers,
chi ldren, and infarnts.  The largest of  each group are
l isted in this tabr le.  Infant doses are l isted for the
nearest mi lk goat locat ion and chi ld doses are l ' isted
for the other two.

bThe basis for selerct ing the specia' l  locat ions is
described in Apperrdix U. The actual locat ions are:
nearest garden = 1..05 mi les east-northeast,  nearest
mi lk goat = 1.02 nr i les north, and nearest cow and
garden = 1.05 mi lers east.
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6.5 .5 .3  Pos tu la ted  Acc idents

The type of accident for which dose est imates are presented here is the spi l l  of  decontaminat ion
l iquid from the RCS into the reactor bui lding. The accident scenario ano source terms are djscus-
sed in Sect ion 5.5.4.2. The calculat ional models used to make these est imates and the interpreta-
t ion of their  resu' l ts are descr ibed in Appendix t l .  The signi f icance of these doses is discussed
in Sect ion 10.4. Tab' le 5.17 l ists the dose est imates for the maximum exposed individual.

6 .5 .5 .4  Psycho log ica l -Soc ioeconomic  Ef fec ts

The act iv i t ies considered in this sect ion include reactor coo' l ing system inspect ion, removal of
the neactor pressure vessel head and jnternal components, and decontamination of primary system
components. The staff  concludes that al though these act iv i t ies pose negl ' ig ible offs j te health
effects,  peop' le l iv ing in the vic ini ty of the reactor may vievr the removal of  fuel  elements
(defuel ing) and pr imary system decontaminat ion as threatening. This opt ion is based on the
exist ing low level of  anxiety generated by the uncertaint ies surrounding the impacts of the
original  accident and subsequent decontaminat ion act ions.

The level and proport ion of the publ ic 's anxiety related to the removal of  fuel  elements is
associated with several  factors, including: (1) unforseen delay, danger or controversy surround-
ing  core  examinat ion ,  (2 )  the  cond i t ion  o f  the  core ,  (3 )  ava i lab i l i t y  o f  techno logy  and sk i l led
personnel to safe'ly defuel the reactor, and (4) the capability of Met-Ed to manage, and NRC to
oversee, the decontaminat ion process.

As addit isnal information becomes avai lable from Met-Ed and the news media, and as the certainty
and scope of the task is formal ly def ined, stressors should shi f t  f rom uncerta' inty to bel ieved
threat assocjated with actual decontaminat ion procedures. Thus, the Iocal publ ic should have
less concern with the act iv i t ies as they safely proceed. However,  descr ipt ions of the defuef ing
process are highly technical  and open to dirrerse publ ic interpretat ion. Dif fer ing opinions have
in the past lead to controversy and to a bel ief  that hidden danger exists.  The degree to whjch
act ions remain on schedule and have consistent interpretat ion wi l l  u l t imately determine the
psychological  impact of decontaminat ion procedures. In addit ion, the factual i ty and balance of
the media's coverage of decontNminat ion w' i11 strong' ly affect psychological  consequences.

The hypothesized accidents, al though having negl igible offs i te effects,  are expected to aggravate
exist ing publ ic concerns and produce increased levels of anxiety.  The level and durat ion of
anx ie ty  wou ld  be  l inked to  the  length  o f  the  acc ident  per iod ,  the ' in j t ia t ing  th rea t ,  the  c red i -
bi l i ty of  Met-Ed and NRC, the level of  controversy or uncertainty generated, and/or the qual i ty
of media coverage.

5 .5 .5  Economic  Costs

The work  e f fo r t  (person-hours)  es t imated  fo r  the  var ious  a l te rna t ives  in  Sec t ion  6 .5 .3  inc lude
only the direct work effort ,  most ly conducted in the reactor bui lding in a radiat ' ion environment,
for the described al ternat ives. To evaluate the economic costs of these al ternat ives, al l  asso-
c ia ted  cos ts  need to  be  inc luded- - labor ,  equ ipment ,  and fac i l i t i es .  Es t i rna tes  o f  the  economic
costs for the best- and worst-case al ternat ives are given in Table 6.18. These costs are est i -
mated on a consistent relat ive basis,  and do not necessari ly ref lect al l  costs on an absolute
basis.  Thus, these costs should be considered only as relat ive costs for the two scenarios (best
case vs. worst case).  The basis for the costs shown here are presented in Appendix K.

About 45 percent of the labor costs shown in the table are est imated to be incurred in prepara-
t ion for the direct work effort .  Most of this effort  consists of t raining and procedure prepara-
t ion .  Es t imated equ ipment  cos ts  cons is t  p r imar i l y  o f  spec ja l  f i l te rs ,  pumps,  heat  exchangers ,
and sys tem p ip ing  mod i f i ca t ions  needed to  accompl ish  the  descr ibed c leanup ac t iv i t ies .  Fac i l i t y
needs in  add i t ion  to  those ment ioned in  o ther  sec t ions  o f  th is  document  wou ld  cons is t  o f  a  f i l te r
backf lush faci l i ty.  This faci l i ty would permit  removal of  part iculates from and subsequent reuse
of cartr idge-type f i l ters.
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Table 6.17. Dose Estimates for the ltlaximum Exposed Individual
Due to Spi l l ing RCS tJater in the Reactor Bui lding

Location
[)ose (mrem)a

Pathway Tota'l-Body Bone Liver

Ne3:景
8とnb Inhal at ion

Ground Shine
Vegetable Use

Total

Inhal at ion
Ground Shine
Goat  Mi lk  Use

Total

Inhal at ion
Ground Shine
Vegetable Use
Cow Mi lk  Use

Total

4.8 X 10。 3

6.6 X 10-3
1 . 4

1 ` 4

1.9 X 10に 3

6.6 X 10‐ 3

3.O X 10‐ 1

3.O X 10-1

3.2 X 10‐ 3

6.6 X 10-3

1 . 4
8.8 X 10‐ 2

1 . 5

7.4 X 10-2

6.6 X 10チ3

5 . 6

5 , 7

3.O X 10。2

6.6 X 10-3

1 . 6

1 . 6

5.O X 10‐2

6,6 X 10-3
5 . 6

3.8 X 10-1

6 . 0

8 . 8 X
5 , 6 X
l . 5 X

2 . 2 X

6 . 6 X
6 . 6 X
9 . 2 X

9.2 × 10-1

6.2 X 10-4
6.6 X 10-3
1.5 X 10。1

1.l X 10-1

2.6 X 10-1

４

３

２

２

　

４

３

１

１０

１０

１０

１０

　

１０

・０

・０

Nearest mi I k
g0at

Nearest cow milk
and garden

aDoses were calculated for total-body, GI-tract,  bone, 1iver,  k idney, thyroid,' lung ,  
and sk in .  The max imum three  organ doses-are ' l i s ted  in  th is  tab te .

Doses were calculated for four age groups: adults,  teenagers, chi ldren, and
infants. The highest dose est imates for each age group ay.e l isted. The dose
estimates for the nearest garden and nearest cow and garden'locations are for
chi ldren. The dose est imates for the nearesi  goat locat ion are for infants.

bThe basis for select ing the special  locat ions is descr ibed in Appendix tr l .  The
actual locat ions are: Nearest garden = 1.05 mi les east-northeast,  nearest
mi lk goat = 1.02 mi les north, and nearest cow and garden = 1.05 mi les east.

Table 6.18. Econom'ic Costs of
Decontamination of Primary

System Components
(thousands of dol lars)

I tem Low High

Labor

Equipmerit

Facilities

TOTAL

1210

1240

100

2550

2410

4390

100

6900
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Large volumes of water were contaminated as a result  of  the accident.  Pr ior to the onset of
processing, about 370,000 gal lons of this water were present in the Auxi l iary and Fuel Handl ing
Bui lding (AFHB) tanks. An addit ional 700,000 gal lons of this water col lected and is located in
the reactor bui lding (RB) sump and about 96,000 gal lons is in the reactor coolant system (RCS).
The water in these three locat ions is referred to as accident generated water,  which is specif-
i c a l l y  d e f i n e d  a s : 1

(a) Water that existed in the TMI-2 auxi l iary,  fuel  handl ing, and containment bui ldings
inCluding the pr imary system as of 0ctober 16, 1979, with the except ion of water which
as a result  of  decontaminat ion operat ' ions becomes commingled with nonaccident-generated
water such that the commingled water has a tr i t ium content of 0.025 pCi lmL or less
before processing.

(b) Water that has a total  act iv i ty of greater than one pCi/ml pr ior to prccessing except
where such water is or iginal ly nonaccident water and becones contaminated by use in
cl eanup.

(c) Water that contains greater than 0.025 pCi/ml of t r i t ium before processing.

Per the February 27, 1980 agreement between the City of Lancaster, Metropolitan Edison Company,
and the NRC, accident generated waten wi l l  not be discharged into the Slsquehanna River (barr ing
unforseen emergencies) unt i l  the complet ion of this Programmatic Environmental  Impact Statement
or January 1, 1982, whichever is ear l ier. In accordance with the agreement,  there have been no
discharges of accident generated water from the site.  There have, however, been releases of
water from the TMI sSte wrlich cOntained minute amounts of radioactivity which originated from
Unit 2.  These releases are made in accordance with the agreement and pertain to the effluents

from the lndustrial Waste Treatment System (IWTS).  ThiS System processes water from normally

non―radioactive areas of the TMI Units l and 2 such as the Turbine Buildings and Control and

Service Buildings.  The water from these areas contains trace amounts of contamination,  The total
releases from IWTS are estimated in excess of ten mllllon gallons per year.  Dttrヽ ng the last half

of 1980, water containing less than one thousandth (0,001) Of a curie of tritium and one ten

thouこandth (0.0001) 。 f a Curie of other radioisolopeS (e.g。 , Cesium) WaS released from Unit 2
sources.  These mギ nor releases are expected to continue throughout the cleanup but have virtually
no significance on the impacts discussed in this sect,on.

The water ln the AFHB has been decontamlnated by processlng through an lon oxchange system referred
to as EPICOR II and the processed water is stored in various tanks onsite.  The remaining RB and
RCS water must be either removed from its present location or processed for the c]eanup to proceed.

Thギs section dlscusses the alternatives considered for disposition of R8 aヽ d RCS accident water.

Where these alternatives lead to llquid eff]uents or processed wator, the alternatives considered
for ultimate disposition of this water are also described.  Processed water reuse is discussed in
Appendix F,

Large volumes of water will be needed for flushing, draining, ahd decontamination of piping

systems, equiPment, and interior building surfacesa  These decontamination activities a130 inV01ve

mixing thts water with strong chemical agents and detergents to enhance decontamination effec―
tiveness leading to chemical― based decontanination sclじ とions during cleanup activities.  These

wateribased and chemical decontamination 301utギ one will become contaminated.  The alternatives

considered for treatment of these decontanl:nation solutions are also discussed in this section.

7.l  LIQUID WASTE TREATMENT

::?皆
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as discussed in Sect ion 1.6.3.2; these l iquids include those direct ly generated during the
Itlarch 28, 1979 accident (accident water) as well as ljquids contaminated during the cleanup
operations. The sources of Tl.lI-2 liquids that wiil have to be treated and their estimated rad'io-
act iv i ty inventor ies are shcwn in Table 7.1.

T■埼le 7,l  Suttmary of Fst｀ matld TMIT2 と iquid Waste

Source cf
Liquid Waste

Curie Inventory In
Untreated Liquid

Vol ume
(gal I  ons) Minimum Maximum

1. AFHB ChemScal Decon Solutions

RB Sump Water

RCS Water

7 , 0 0 0

700,000

95,000

250,0004

150,0004

40,000

100,0004

500,0004

60

500,000

2n,000

20,000

90

10

60

500,000

20,000

100,000

90

10

4. RCS Flush and Drain

5. RB Oecon Solut ions
(a) l{ater Based
(b) Chemical

5. RCS Decon Solut ionsb
(a) t{ater based
(b) Chemical

2,000       2し 、000

2,000       20,000

aProcessed water couid be used for the cleanup act iv i t ies resu' l t ing in the
genenat ' ion of this l iquid waste.

btf,. RCS water-t,ased a.nd chemical decontamination processes are mu+-ua1 ly
exclusive. Ei ther the water-based or chemical process wi l l  be used in
the decontamination of the RCS.

To compare alternative treatment systems on a relative basis, the performance of the systems
considered was inferred from (1) the performance of the EPICOR II  system used to clean up AFHB
liquids (2) laboratory-scale tests on zeol i te-based jon-exchange systems and (3) the performance
of simi lar systems used to treat l iquid wastes containing radionucl ides and chemical cont irminants
of the same or simi lar species to those present in TMI-2 I iquids. The assumptions used to charac-
terize treatment system performance are conservative relative to the decontaminat'ion factors that
could be achieved. lr,loreover, the actua] performance of any treatment systcm can be adjusted by
varying operat ing cr i ter ia to achieve the decontaminat ion factons desired for a part icular source
of l iquid waste. Therefore, whi le the performance of the systems wi l l  vary, the staff  bel ieves
that the performance character ist ics considered are representat jve and provi .de a consistent basjs
for comparing al ternat ive treatment systems. The performance panameters which character ize each
of the systems considered are discussed in detai l  in Appendix G.

7 .1 .1  S ta tus  and Spec i f i c  Cons idera t ions

7.1 .L .1  E f fo r ts  to  Date

Process' ing of the accident water in the Auxi ' l iary and Fuel
of 1979 using the EPICOR II  system and has been essent ial ly

Hand' l  ' ing Bui 1di  ngs began i  n the f  al  l
comple ted .  In  add i t jon ,  f ' l ush ing  and
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flushing Operatう ons, thP volume actually processed through the EPICOR II system is about 570,000

gallons,-501!000 gallons through September 30, 1980 plじ 3 abOut 68,000 gallons thereafter.  This

帆紆器品ア 、納旨稗猫縄酷i結珊
i盟電機こ :

water and its nasor COnstltuents are presented in

About 2200 gallons of chemical decontaminRtiOn Solutions were generated as of September 30, 1980
from AFHB cleanup activities.  These liquids were Smmobil:zed wttth vinyl ester styrene (VES)and

packaged for offslte disposal (see Section 8).

7.1.1.2  Projected Requlrements

Table 7.4 shows the ma5or radiOnuclギdes Present ギn the liquid waste sources ldentified in Table 7.1.
The characteristttcs of each llquid waste source in thtts table are described below.

Reactor Bullding Sump Water

About 700,000 gallon3 0f COntaminated water (Sump water)f100ds the reactor buildttng basement to
a level of about 8 ft above the basement floor.  This wator is primarily from the reactor coolant
drattn tank that overflowed when the reactor Pressurizer reltef valve stuck cPen early in the
accldent,  Concentrations of dissolved radionuclides and important chemical spectes in the reactor

: 1鞘提fWキ増詰常吊ま端勲eば
格
T:il e船

とe桃コ帯掃【貯珊総す謂1'ti込路淵古|;ti r
sump water, and the presence of these matertals and any colloidal matter must be considered for

the varSous proces3 alternatives.

Peactor Bulldi里 ョニDecontamlnation_Ll豊 uldS_(Water_旦 aSed)

The initial decontaminatlon of the reactor building ttnterior and equipment surfaces could involve

the use principally of water sprays or steam cleaning methods.  The volume of liquid wastes that
could be generated in these operations is estiFlated to be about 150,000 ga1lons.  Processed water

cou]d be used for thtts activity.  The concentration3 0f radloactvity in decontaminat,on liquids
that could be generated through the use of remoto washing techniques have beを n estimated to be
about O.2 HCt/mL.  These wash liquids would dratn down into the reactor buittding sump and may be

added io the ex,sting reactor building sump water for processing.  This would depend on the
radiation ftelds at the operatlng leve13 in the reactor building and on the schedu]es developed
in the varう ous water processing operations,  If necessary, these liquids could also be treated
separately.

AFHB and Reactor Buキ lding Chemical Decontamination Liquids

Chemical decontamlnation operations in the AFHB and the reactor bullding are expected to generate
chem:cal waste solutions that have a full range of detergonts and comPlexing agents.  The volume

of these chemical decontaminatSon liquSds to be processed is expected to be on the order oF
40,000 gallons for the reactor building and 7,000 gallons for the AF‖ B.  A]] the chemical decon―

tamlnation liquids could be blended, resulting in an average concentration of radioactivity of
about O.4 yCi/mL.
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Table 7.2.  Compostttion of AFttB Water Prior t。 Start of P,ocesslnga,b

Locat ion
Vol ume

(gal I  ons )

Radionucl ide
Concentrat ions (uCi/mL)

Cs-137     Cs-134     H-3

Reactor coolant bleed tank A
Reactor coolant bleed tank B
Reactor coolant bleed tank C
Neutral izer tank A
Neutral izer tank B

l. l iscel  laneous waste holdup
tank ,  aux i l ia ry  bu i ld ing  sump
and sumptank, miscel laneous
sump

Tank farm B

77,250

77,250

77,250

8,780

8,780

28

35

35

2 . 5

3 . 3

6 . 5

7 . 6

8 . 7

0.56

0.72

0.23

0.27

0.29

0,0313,500

93,000

10。1 2.4

aThese values pertain to the si tuat ion fol lowing the accident but pr ior to
water processing.

bBased on memo from t, l .K. Lehto to J.A. 0pelka, Argonne National Labor-
atory, Subject:  Compilat ion of Information and Data from Visi t  to TMI-2
on May 6, 1980; May 12, 1980.

Table 7.3  Storage Locatiog:と

dVR:常leAc811eliギ i:!皆;よ
ide

Concentration5 0f PrOces

Storage Tanl<
Vol unreb

(gal I  ons )

Radionucl ide Concentrat ions (uCi/mL)

H-3 Cs-137 Cs-134

BWST
c0T-1A
ccT-1
ccT-2
TgBC

TOTALS

422,000

240,000

26,000

45,000

10,000

743,000

1.l X 10-1

198 X 10-1

6.6 X 10-2

6。4 × 10-2

6.6 X 10‐2

1.3 X 10-1

3.6 X 10-4

4.6 X 10-6

6.8 × 10-6

1.9 X 10-6

6.8 × 10-6

2 X 10-4

1.6 X 10-4

7 X 10-7

l x 10_6

3 × 10-7

l x 10_6

( 9 × 10_5

aBased on  Le t te r  (w i th  enc losures  en t i t led ,  1 .  Rad ionuc l ide  D is t r ibu-
t ion of Auxi l iary Bui lding Wa'Ler,  2.  Agr:r ,da for Dec. 18, 1980 meeting
of Task Group SC-38) from B.J. Snyder,  U.S. Nuclear Regulatory Commis-
s ion ,  to  F .P.  Parker ,  Vanderbu i l t  Un ivers i ty ,  December  15 ,  1980.

bRounded.

cNo measured data--values shown are assumed based on CCT-1 data.
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Table 7.4.  Radicactivity in TMI-2 Untreated Liqufd Waste

Source of
Liquid t{aste

Average

c8il:i,|:!i:景S
1 .

2.

3.

4.

5.

2

190

60

100

0 。2

0 . 1

50

10

6.

AFHB Chemical
Decon Solut ions

RB Sump Water

RCS Water

RCS Flush & Drainb

RB Decon Solut ions
(a) I'later based
(b) Chemical

RCS Decon Solut ionsD
(a) Water Basedc
(b)  Chemica lc

‐e        51

2,500   430,000

30     3,000

-      49,000

8       1

66,000    7,000

1,500    7,800

7,500   39,000

190      75

820     110

4,100     550

77

8

9,900

9,900

12

2

1,500

1,500

7,800

7.800

820

820

110

110

aRounded.

bThe curie content corresponds to the maximum est imated values in Table 7.1.
cThese two solut ions are mutua' l ly exclusive. Ei ther the water-based or chemical decon
solut ion wi l l  be generated during decontaminat ion of the RCS.

dSee Tab le  G.8  fon  de ta i led  d is t r ibu t ion  o f  o ther  rad ionuc l ides .
€"-" denotes less than one curie.

Table 7.5.  Estimated Radionuc]ide Concentration3 0f
Dissolve‖

at:lS::t甘骨
n::p:[mS:]C:8, :甘

88ging Sump

Const i  tuent
Concentration

(PCi/mL) Const i  tuent
Concentration

(μg/mL)

H。3
Cs-134
Cs-137
Sr-90

Sr-89

Nb-95

Zr‐95
RFu。106
Sb‐125
TI-125m

Te-127m
Te-129m
Ce-144

1‐129

0。95
24

160
2 . 6

0.07

2 X 10-5

2 X 10-5
3 X 10-3

0.02

5 × 10-4

5 X 10‐4

2 X 10-4
2 × 10‐3

1.2 X 10-5

0.028
3.3 X 10-5
1.2 X 103
2.0 × 103

15

3

10

10
1 . 8

4
1 . 6

3
0 . 3
9
0 . 5

ｕ

ａ

　

　

コー

コｌ
　
ａ

ｕ

ｅ

　

　

・ｌ

ｏｌ

　

　

　

　

ｎ

Ｕ

Ｐ

Ｎ

Ｂ

Ｃ

Ａ

Ｃ

Ｃ

Ｆ

Ｋ

Ｌ

Ｎ

Ｐ

Ｓ

Ｚ

aBased on R.E. Brooksbank and | ' l .J.  Armento, "Post Accident Cleanup
of  Rad ioac t iv i t y  a t  the  Three Mi Ie  Is land Nuc ' lear  Power  S ta t ion , "
Oak Ridge National Laboratory, 0RNL/TM-7091, February 1980; and
0.0 .  Campbe l l ,  "Hot  Ce l l  S tud ies , "  .0ak  R idge Nat iona l  Labora tory ,
p resenta t ion  to  Genera l  Pub l ic  Ut i l i t j es  and U.S.  Dept .  o f  Energy
staff  members, January 31, 1980, but corrected for radioact ive
decay to September 30, 1980.
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Table 7.5. Concentrat ion of
Rad ionuc l ides  in  F i l te rab le
So l ids  in  Reactor  Bu i ld ing

Sump tlater as of- h
September 30, 1980o'"

Nucllde
Concentration

(Hli/mと)

Cs-134

Cs-137

Nb‐95

Zr‐95

Ru-106

Ru‐103

Ce。141

Ce。144

Co-58

Co-60

Sr-89+Sr,90

Ag-110m

Te-127m

0.11

0,71

1.7 X 10-3

0.037

0,18

1,4 X 10-4

3.8 X 10‐ 6

0,083

7,7 X 10-4

0.011

8 . 6

5.9 X 10'3

0.27

aTotal solids = 13 x 103 kg (based on
0.5X so l ids  conten t ) .

bR.E. Brooksbank and }, l .J.  Ar:nento, "Post
Accident cleanup of Radioact iv i ty at
the Three l4i le Is land Nuclear Power
Stat ion," Oak Ridge l{at ional Labora-
tory, 0RNL/TI,|-709L, February 1980;
and 0 .0 .  Campbe ' l l ,  "Hot  Ce11 Stud ies , r '
Oak Ridge National Laboratory, presen-
tat ion to General  Publ ic Ut i l i t ies and
U.S. Dept.  of  Energy staff  members,
January 31, 1980, but corrected for
radioactive decay to September 30, 1980.

Reactor Coolant System Water (Primary I'latgr)

The reactor coolant system (RCS) contains about 96,000 gal lons of water ccntaminated wjth f ission
products and reactor core debris from the accident. The processing of this yater is subject to
somewhat di f ferent constraints than processing AFHB or reactor bui lding sump water.  Al though
removal of contamination from the primary water is necessary to permit safe access to the reactor
vessel,  the decontaminat ion processes and subsequent makeup must st j l l  maintain adequate boron to
provide neutron-absorpt ion capabi l i ty dur ing subsequent neactor defuel ing. Est imated concentra-
t ions of important const i tuents in the pr imary water are given in Tab' le 7.7.6

==~ 1‐   1 !i「 1 1トエ:|=|=:==|=在 す=丁=二=====£
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Table 7.6.  Concentraticn of
Radionuclides in F1lterable
Solids in Reactor Buヽ lding

se:せlttbど]t:;, i98ia,b

Nuclide

Concentratlon
(μCi/mL)

Cs-134

Cs‐137

Nb。95

Zr-95

Ru-106

Ru-103

Ce-141

Ce-144

Co-58

Co-60

Sr-89+Sr-90

Ag‐110m

Te‐127m

0,11

0。71

1.7 X 10‐ 3

0.037

0。18

1.4 X 10‐ 4

3.8 X 10-6

0.083

7.7 × 10-4

0,011

8 . 6

5.9 X 10-3

0,27

"Total solids = 13 x 103 kg (based on
0.5% so l ids  conten t ) .

bR.E. Brooksbank and U.J. Armento, "Post

Accident cleanup of Radjoact iv i ty at
the Three Mile Is land Nuclear Pcwer
Stat ion," Oak Ridge National Labora-
tory, 0RNL/TM-7091, FebruarY 1980;
and-  0 .0 .  Campbe ' l1 ,  "Hot  Ce11 Stud ies , "
Oak R'idge National Laboratory, presen-
ta t ion  to  Genera l  Pub l ic  Ut i l i t i es  and
U.S. Dept.  of  Energy staff  members'
January 31, 19e0, but corrected for
radioactive deuay to September 30' 1980.

Reactor Coolant System Water (Primary Water)

The reactor coolar i t  system (RCS) contains about 96,000_gal lons of water contaminated with f ission
pioOucis and reactor-core d-ebris from the accident.  The processin.g_9.f  this water is subject to
iomewhat di f ferent constraints than processing AFHB or reactor bui lding _sump water.  .Al though
ilil";i of contamination from the prihary watei is necessary to permit safe.access to the reactor
veiset,  +-he decontaminat ion proces'ses andi-subsequent makeup must st j l l  naintainadequate boron to
pr"" ia" neutron-aUsorpt ion iapabi l i ty dur ing subsequent reactor.  deJqel ing._ Est imated concentra-
l ionr-of important coirst j tueni,s in t ie pr imiry water are g' iven in Tab]e 7.7.6

セ    !          |  ■ .t iと:ことlt'lti立|ェ!=■titit■|わ崇
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Table 7.7. Est imated Concentrat ions of the Principal
Constituents of the Reactor Coolant lVstem lJater

as of September 30, 1980'

Consti tuent
Concentration

(PCi/mL)

ConcentratSon
(μg/mと)Constituent

0.08

4 . 5

29

2 . 4

23

8 X 10-4

5 X 10-4

0 。1

4 X 10-3

1.6 X 10‐3

0.03

6 X 10-5

0.03

′   2 X 10-4

aBased on .3TM176ata Base,・・ complled by Argonne National Labor―
atory ― W.K.ゴLehto, November 219 1980.

ア

/

Reactor Coolant System Flush and Drain Water

The flushing and draining of the RCS will commence following defueling of the core.  About

250,000 gallons of water will be generated from the draining and flushing of the RCS and will
Fequire processing.  Processed water could be used for this activギ ty.  The cOncentration3 0f
contaminants expected in the drain and flush water will depend on at least two vartables― t・

(1)the
amount of radicactivity released to the water during the fldsh and draSn operation and (2)the

amount of water that will be required to flush and drain the system.  It is estimated that between

?!る♀0!b:it・を8古P!月科!比fllさlDillブ杵i.'re早景[tcf』ギど』iS Water with resulting concentrations rangingof processヽng alternatives depend5 0n the actual
concentration of radioactivity in the water and the volume of contaminated water that must be
treated.

Reactor Coolant System Chemical Decontamintition Liquids

Chemical decontamination of the reactor coolant system following drain and flush operations may
involve use of relatively mlld reagents such as in the CAN DECON proprietary process or more
chemically aggressive chemicals such as alkaline permanganate.  These decontamination technヽ ques
are described in detafl in Appendix P.  It is estimated that from 2,000 to 20,000 Ci of radio―
activity could be contained in the reactolヽ  coolant System decontaminatlon liquids, depending on
the extent of contamination within the coolant system surfaces being treated.  If the CAN DECON

process is employed, about 100,000 gallonti of decontamination llquids would result.  If a more
aggressive chemical decontamination is purt;ued, as much as 500,000 gallons of liquid might requSre
eventuatt processing,  This combination of ,ヽadioactivity and volumes leads to liquid waste concen―
trations between l HCi/mL and 50 HCi/mLo  P,ocessed water could be used for these activities.

Some of these liquid wastes in the form of accident water and AFHB chemical decontamination
301utions already have been generated.  Other l月quids will be generated during the project.  The

H-3

Cs-134

Cs-137

Sr‐89

Sr‐90

Nb。95

Zr-95

Ru‐106

Sb‐125

Te‐125m

Te‐127m

Te-129m

Ce‐144

Co‐58

ａＮ

　

８

1.l X 10や

3.7 X 103
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relat ive t ime_periods over which these l iquids could be generated and be avai lable for t reatment
are shown in Figure 7.1.

7.1.2 Alternat ives Considered

The.accident generated water in the reactor bui lding sump and the pr imary system cannot be lef t
in i ts present condit ior and locat ion i f  the cleanup effort  is to proceed. 

-Some 
of the al terna-

t ives considered for disposit ion of this water invoive i ts cleanup'through the use of f i l t rat ion,
ion exchange, ev-aporat ioir  and bi tumenizat ion techniques. Others include-transfer from i ts present
locat ion to onsite.storage faci l i t ies or processind the water for t ransport  and disposat bt a
low-level radioact ive_ waste disposal faci l ' i ty.  As iecontaminat ion solut ions are gendrated, they
too must be ei ther cleaned up, stored, or processed and shipped offs i te.  The al t t rnat ives con-
sidered for accident-generated vater and detontaminat ion solLt ions are discus;ed below.

7.L.2.1 Long-Term 0n-Site Storage

The.onsite storage- al ternat ive involves transfer of the accident water from i ts present locat ions
in the reactor bui lding and pr imary system to storage tanks. This water could be transferred to
tanks.within the plan_t,  i f  avai lable, or to newly ionstructed exter ior tanks. In ei ther case,
the storage tanks would have to be heavi ly shieldbd to reduce radiat ion levels in areas near the
tanks.

7 . 1 . 2 . 2  D i r e c t  I m m o b i l i z a t i o n

This al ternat ive involves direct immobi l izat ion of the accident water using a binder mater ial
such as cement or VES for either temporary onsite storage or offsite shipm6nt to a commercial
sha l low land bur ia l  fac i l i t y .  The processes  tha t  use  these b inder  mater ia is  to  immobi l i ze  l iqu id
radioact ive waste to -make i t  acceptable for t ransport  and disposal are descr ibed in Appendix 'H.
Implementat ion of this al ternat ive would involve-constnuct ioh of a waste immobi l izat ion and
handl ing faci l i ty.  The act iv i ty level of  the accident water would require that this faci l i ty be
remotely operated.

7.L.2.3 Treatment Processes and Systems

The treatment al ternat ives considered involve processing the l iquid through treatment systems
which remove the contaminants. One or more of the fol lowing procbsses can-be used to achieve the
des i red_c leanup ob jec t ive ;  (1 )  f i l t ra t ion ,  (2 )  ion  exchange,  (3 )  evapora t ion ,  and (4 )  b i tumen iza-
t ion .  The pr inc ip les  invo lved in  each process  and the i r  ipp l i cab i l i t y  to  c l6anup d t  fmt -z ' t iqu id
wastes are discussed below.

Fi I  t rat i  on

Fi l t rat ion is_.a nhyslcal  process whereby part ic les suspended in a l iquid are separated from i t  by
forcing the I iquid through a porous medium. As the I iquid passes thiough the porous medium, the
suspended_particles are trapped on the surface of the medium or with'in the body of the nredjum
itsel f .  The mechanical  devied which contains or supports the f i l ter medium is ieferred to as a
f i l ter cartr idge. Loading.of the f i l ter medium to fds capacity requires removal of  the part icu:
lates from the medium- (e.9. backwashable f i l ter)  or replacement dt the medjum. Replaieable
f j l te rs  w j l ' l  be  used in  p rocess ing  most  TMI -2  l iqu id  wa i tes .  F i l t ra t ' ion  is  app l i cab ie  to  TMI-2
. l iqgid wastes as an ini t ia l  step in a process. I t  is not an appropriate treat inbnt process jn and
by i tsel f ,  because much of the radioact iv i ty is in solut ion and thus is not removed by f i l ter ing.

Ion Exchanqe

Ion exchange involves the removal of  ionic specie:s from an aqueous phase. The earl iest appl ica-
t ions of ion exchange were "vrater softening'r-- the subst i tut ion of 'sodium ions for calciur i r  and
magnesium ions in water to reduce i ts hardness. These appl icat ions were ini t iated in the late
l9O9i t  and ear ly  1900 's_us ing  na tura l  and syn the t ic  zeo l i tes  (a lum' inos i l i ca te  minera ls ) .  Syn-
thet ic ion exchange resins were discovelred in the late 1930's and were developed rapidly.  

-At

present,  the synthet ic organic resins ale used ir .  most ' ion exchange appl ' icat ions.

In.pract_ice, lhe l iqur 'd containing the ionic species is placed in contact with the ion exchange
media selected.to preferent ial ly remove specif ic ions. To provide this contact,  the ion exchaige
media  is  p laced in  deminera l i zer  vesse ls  o r ' l i nes  th rough wh ich  the  l iqu id  f low i .  Vesse ls  cont i in -
ing the ion exchange media for t reatment of Tl4I-2 l iquid wastes are refer l .ed to as (1) pref i l ter
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Ion exchange is appropriate for accident water and water based decontamination solutions.  It is
not approprヽate for treatment of chemical decontamination 301utions because the chemical nature
of these llquids would lead to rapid breakdown and pluggSng of ion exchange media.

Evaporation

il:i::ii†il岳!tヽ岩;:1鴨fi酎計甘it活:!二f‖岩fモ告さl督丹ギ整ギ‖料骨艦i督]】lllを紹:i告:ligiliine

唱淵補経桃梶器格習解品品料盟
Zed

volatiles are vaporized and then condensed as
eters which descrlbe evaporator performance are

as the ratio of the contamlnant concentrations
Lhe distillate, and (2)the v01ume reduction

factor which is the ratio of feed solutlon volume to the concentrated い bottoms volume。 ・・
  Evapora―

:l°li::。♀‖と苦 :8母18:!iate for treatment of TMI。2 1iquid wastes with low to moderate concentrations

Bitumenlzattton

韓掃0ばe乳棚亀鯛sモ胤寵:端轄:ソ 柵 ∬&課咤端む 、s
intti糾柑:苫:謙品譜猛tと糾

記5 0f bW to moderate ra付oac苗崎町coにentration ttth atに益t

Treatment Systems

The four basic treatment processes can be combined to form treatment systems for TMI-2 1iquヽ d

ど8景獣話er』:318景子品i―デ
|ド
単話f古寸ぷ真暫liギどllittRttR」i拭、ど1絹掃晶 SyStems.  The specific treatment systems

l.   Submerged Demineralizer System (SDS) ‐  ThiS System combines filtrat,on with three stages
(Ze01ite, cation, and mixed bed media)of iOn exchange,

2,   Modffted Submerged Demineralizer System ―  This system is similar to the SDS above with the
exception that it employs a larger cation ion exchanger.

3.   SDS/EPICOR II System ―  This system combines tittbSDi古

IFlternative number l)with pollshing(Or final cleanup)in EPICOR II (alternative

4.   Zeollte/Evaporator System ‐  This system combines filtration with ion exchange (Zeolite
media), evapOration, and ion exchange (miXed bed media).

5.   Zeolite/EPICOR II System ―  This syst(!m combines ftltration wヽ th ion exchange (ze01ite media)
and polishing by the EPICCR II systenl(alternative number 6).

6.   EPICOR II System ―  This system combines three stages of ion exchange (layered Organic and
inorganic, cation, and mixed bed media).

7.   Modified EPICOR II ―  This system is sヽ mギlar to EPICOR II (31ternative number 6)with the

itie::t:|、11]i °
ギ‖を

i3it:Rlig l:ell:113ゴ
格cZ吊習嶺鼻阜省T神景;f)httξ

d:iri景
gu早:|。i1lt培倍ど:li準;化、Rittge
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8. Evaporator/Resin System - This system combines f i l t rat ion
(cat ion and mixed bed media) of ion exchange.

with evaporation and two stages

9. Bitumen/Resin System - This system combines evaporat ion and immobi l izat ion with two stages
(cat ion and mixed bed medja) of ion exchange.

The funct ions of each stage of the systems shown in Figure 7.2 and their  appl icabi l i ty to TMI-2
l iqu id  wastes  are  as  fo l lows:

F i l t ra t ion  Un i ts

Fi l ters are required upstream of ion exchange vessels to prevent sol ids from clogging the ion
exchange media.

First  Stage Processinq Units

The funct ion of the f i rst  stage is to remove large quant i t ies of cesium and stront ium from the
l iqu id .  In  ion  exchange vesse ls ,  zeo l i tes  and mix tu res  o f  zeo l i tes  and t i tana tes  are  most  e f fec-
t ive for the higher concentrat ion l iqu' ids. Organic resjns can also be used but the radioact iv ' i ty
load ing  on  these med ia  i s  l im i ted  by  the  s tab i l i t y  o f  the  organ ic  res jn  med ia .  Thus ,  f i r s t  e tage
organic resin ion exchange media cannot be used for RB sump water and may not be sui table for RCS
(primary system) water and RCS f lush and drain water.

The use of evaporators for f i rst  stage cleanup is also act iv i ty
has the same l jmjtat ions as an evaporator for gross removal of
concentrat ion act iv ' i ty I  iquids.

Second Stage Processing Units

leve ' l  I  im i ted .  B i tumen iza t ion
cesium and strontr ium from high

the second stage is
organ ic  res ins  o r  an
other  ion ic  contami -
are condensed before

0nce gross removal of  cesium and stront ium is accomplished, the inf luent to
relat ively low in concentrat ion. Therefore, ion exchange units contain' ing
evaporator are both sui ted for further remova' l  of  cesium and stront ium and
nants. The vapors produced from f i rst  stage evaporat ion and bj tumen' izat ion
processing through ion exchange vessels.

Third Stage Processing Uni!g

The func t ion  o f  th is  s tage is  to  po l i sh  the  l iqu id  th rough remova l  o f  t race  contam' inants .  The
mixed bed designat ion indicates that both anion and cat jon organic resins are present in the
demineral izer vessel.  The qual i ty of the eff luent fr 'om the second stage unit  could be such that
a mixed bed demineral izer is not necessary.

The detai ls of  the al ternat ives considered for the handl ing and treatment of TMI-2 radioact jve
l iqu ic l  was te  a re  p resented  in  the  fo l ' l ow ing  sec t ion  (7 .1 .3 ) .  Append ix  G presents  de ta i led  per fo r -
mance character ist ics for the treatment systems.

7 . I .3  Deta i l s  o f  L iqu id  Waste  Trea tment  A l te rna t ives

Each al ternat ive considered above was evaluated in detai l  to assess i ts sui tabi l i ty for t reatment
o f  TMI -2  l iqu id  waste  sources .  Th is  sec t ion  presents  the  resu l ts  o f  these eva lua t jons ,  p rov ides
the basis for el iminat ing al ternat jves from further consjderat ion, and compares the a' l ternat ives
judged suitable for t reatment of each waste type. Some detai ls of  system hardware and faci l i t ies
are also presented.

7 . I .3 .1  Long-Term Storage

The accident water in the RB sump contajns about 500,000 curies of radioact iv i ty or about 0.7
cur jes  per  ga l lon .  I f  th is  water  were  p laced,  unprocessed,  in  55-ga l lon  drums,  each drum wou ld
conta in  about  35  cur ies  and exh ib ' i t  rad ia t ion  leve ls  o f  about  30  R/hr  on  i t s  sur face .  About
three feet of  concrete shielding wouid have to be placed around this drum to reduce radjat jon
leve ls  to  acceptab le  Ieve ' l s .  Comparab le  sh ie ld ing  wou ld  have to  be  p laced around s to rage tanks
that would be needed to store this unprocessed I iquid on si te.

Tankage cou ld  be  cons t ruc ted  and appropr ia te  sh ie ld ing  cou ld  be  ins ta l led .  .However ,  the  major
contaminants  in  th is  l iqu id  have re la t i v r r l y  long-ha l f  l i ves  and any  subs tan t ia l  reduc t ion  jn  the
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act iv i t -y level in the water to render i t  innocuous would take over 300 years. Removal of  the
water from the storage tanks any soo'er would require that i t  bc treated pr ior to disposit ion.

Several .yeans would be required to l icense, design, and construet long-term high act iv i ty l iquid
waste storage faci l i t ies at the si te.  Even when constructed, these iaci l i t ie i  could nol,  with
adequate assurance,- protect the publ ic health and safety by providing isolat ion of the radioact ive
water from the environment for at  least 300 years. Thfs faci l i ty would require Baintenance, and
monitor ing cont inuously for 300 years. The 

-staff  
does not consider this oi t ion to be feasible,

considering the length of t ime requined for decay and the inabi l i ty to enslre adequate inst i tu-
t ional controls throughout this period. Furthermirre, i t  is ant ic ipl ted that the cieanup wi ' l l  not
be considered complete without processing or removal of  the accideht water.

7 .1 .3 .2  D i rec t  Immobi ' l i za t ion  o f  Acc ident  Waten

Under this al tennat ive, accident water (RB sump ard RCS) would be immobi l ized in cement or VES
and ei ther stored onsite or transported offs i te for t i isposal at  a low-level radioact ive waste
di sposal 'faci 

I i ty.

Table 7.8 summarizes !h.e 
' impa.ct of  implei lent ing this al ternat ive basad on the approximately

800,000 gal lons of accident water in the RB sump a;d RCS. The highl ight:  of  this i i rmmary inclucie:

-  Cumula t ive  pub l i c  rad ia t ion  dose w i l l  be  about  75  person- rem

- Cumulat ive occupat ional radiat ion dose wi l l  be about 825 person-rem

- Imp' lementat ion wi l l  take 5 years

- Work in the Reactor Bui lding wou1d be deferred for about 4.5 years

-  To ta l  cos t  in  1980 do l la rs  w i l l  be  about  $40 mi l l ion

- 3900 cubic yards of cement would be required.

Based on these _lmpacts, this al ternat ive is not considered pract icable for this high act iv i ty
water,  pr incipal ly because of the high radiat ion doses to workers and the long delay- in complet ing
the cleanup.

Immobi l i za t ion  o f  AFHB chemica l  decontamin t ion  so lu t ions  is  cument ly  be ing  car r ied  ou t  us ing  the
VES techn ique descr ibed in  Append ix  H.  Thus ,  d i rec t  immobi l i za t ion  w i thout  evapcra t ion  to  reduce
vo lume is  s t i l l  be ing  cons idered fo r  re la t i ve ly  1ow vo lume chemica l  decontaminat ion  so lu t ions .

A separate discussion of untreated chemical decontaminat ion solut ions is presented in Sect ion
8 . 2 .

7 .1 .3 .3  Zeo l j te -Based Trea iment  Sys tems

Th is  sec t ion  prov ides  a  de ta i led  d iscuss ' ion  o f  the  zeo l i te -based t rea tment  sys tems wh ich  inc lude
the  Submerged Deminera l i zer  Sys tem (SDS) ,  the  mod i f ied  SDS,  the  SDS/EPIC0R- I I  sys tem,  the  zeo l i te /
evaporator system, and the zeol i te/EPICOR-II  system. The l icensee has designed and is present ly
cons t ruc t ing  an  ion  exchange sys tem fo r  c leanup o f  h igh  spec i f i c  ac t i v i t y  l iqu ids .  Th is  sys tem
is designed to operate under water in Spent Fuel Pool B and is referred to as the Submerged
Deminera l i zer  Sys tem or  SDS.8

A process f low diagram for the SDS system is presented in Figure 7.3. Fi l t rat ion is perfo'rmed by
two f i l te rs ,  one rough and one f ine .  The f i l te rs  a re  d isposab le  car t r idges  about  1 .7  f t  1n  d iam-
e ter  and 4 .5  f t  long ,  w i th  a  vo lume o f  about  10  f t3 .  Fo l low ing  f i l t ra t ion ,  the  l iqu id  i s  t rans-
ferred to a batching tank. The next step involves processing through two paral lel  t rains of three
ion  exchange vesse ls  each.  These vesse ls , r re  a lso  1 .7  f t  f t  in  d iameter  and 4 .5  f t  long  and con-
s t ruc ted  o f  s ta in less  s tee l .  The in te rna l  vo ' lume o f  each vesse ' l  i s  about  10  f ts  and conta ins
8 f ts of zeol i te (or zeol i te/ t i tanate) ion exchange media. Th' is step removes over 99 percent of
the cesium and stront ium in the water.  Further removal of  cesium and stront ium, plus removal of
o ther  ions ,  resu l ts  f rom process ing  th roug l r  two downst ream para l le l  ca t jon  vesse ls ,  each conta in ' ing
8  f ts  o f  o rgan ic  res ins .  These vesse ls  a re  essent ia l l y  the  same s ize  as  the  zeo l i te  vesse ls  bu t
are  cons t ruc ted  o f  carbon s tee l .  F ina l  po l i sh ing  is  per fo rmed by  process ing  th rough a  mixed bed
ion exchange vessel about 6 f t  in diameter by 5L f t  high. This vessel contains about 135 f ts of
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Table 7.8.  Impacts of lmmobilizationa and Offsite
Disposal of Accident Water

A. l,Jaste Characteri sti cs

1 .  L iqu id  Vo lume -  796,000 ga l

2. Average Radionucl ide Concentrat ion -  170-pCi/mL

3. i - iquid Content per Drum - 30 gal lons

4. Radioact iv i ty per Drum - 19 Ci

5. Drum Radiat ion Level -  15 R/hr

So i  id i  f i ca t ion  Opera t ions

1.  Fac i l i t y  Des ign  and Const ruc t ion  -  2  years

2. Number of Drums to be Processed - 26,300

3. Average Faci l i ty Throughput -  29 drums/day

4. Time Required to Process al l  Drums - 907 days

5. Total  Time to Implement -  5 Years

Pae kas i ns _qlC_Ilqllpgllglig!
1. Drums per Cask Shipment -  14

2.  Number  o f  Cask  Sh ipments  -  1 ,800

3 .  C a s k  M i l e s  l r a v e l l e d  ( R o u n d  T r i p )  -  9 . 7  m i l l i o n

Resource Ule

1 .  55-Ga l lon  Drums -  26 ,300

2.  Cement  -  5 ,300 tons ,  o r  3900 cub ic  yards

3 .  G a s o ' l i n e / D i e s e l  F u e l  -  1 . 6 4  m i l l i o n  g a l l o n s

4.  Bur ia l  S i te  Land Use -  395,000 f t3

Cumula t ive  Rad ia l ion  Dose

1.  0ccupat iona l  (hand l ing)  -  79  person- rem

2. Occupat ional ( t ransport)  -  517 person-rem

3.  0ccupat iona l  (so l id i f i ca t ion)  -  130 person- rem

4.  Pub l ic  -  75  person- rem due to  pass ing  on  rou te ,
due to  on lookers  near  t ruck

Costs

1 .  D e s i g n  a n d  C o n s t r u c t i o n  -  $ 3 . 5  m i l l j o n

2 .  0 p e r a t i o n  -  $ 3 . 2  m i  I  I  i o n

3 .  T r a n s p o r t  a n d  D j s p o s a l  -  $ 3 3  m i l l i o n

B.

ｒ
し

D.

24 person-rem

aBased  on  cemen t  immob i l i za t i on .
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anion and cat ion organic resin. As f i l ters on ion exchange media are expended, the f i l ter car-
tr idge or the vessel containing the media are removed anci rer laced. These expended f i l ter car-
tr idges and ion exchange vessels are then handled as sol id waste.

The design f low rates shown on Figure 7.3 show a throughput of 10 gpm. Based on EPIC0R II  system
experience, the average (including downtime) expected fnom an SDS type system is 2-3 gpm.e

RB Sump Liquid

Due to the high concentrat ion of radionucl ides in RB sump b,ater,  about 130 pCi/ml,  systems which
use zeol i tes (or zeol i tes and t i tanates) are best sui ted for c leanup of this l iquid wasi,e because
of the radiat ion stabi l i ty of  inorganic ion exchange media. lo Figure 7.4 shoys the conf igurat ions
of the zeo' l i te systems considered and evaluated.

The performance of the SDS has been independent ly evaluated using smal l  samples of RB sump water
and laboratory scale ion-exchange columns.rr  These evaluat ions indicate that the current design
may not adequately remove col loidal  Cs and Sr,  Ru, and Sb from the sump water.  These l imited
evaluations also indicate that process changes may enhance system performance.

First ,  the size of the cat ion ion-exchange beds, two at 8 f tS each, is not operat ional ly adequate
to remove sodium ions in the RB sump water and the effect ive decontaminat ion factor across these
ion-exchange vesse ls  cou ld  be  one.  The exress  sod ium ions  in  the  ca t ion  bed e f f luen ts  a lso
hamper the performance of the mixed bed ion-exchange vessel reducing the decontamination factors
for the above radienuc' l ides that would otherwise be achieved. The effect of  these factors is to
reduce ovenal l  performance of the system to the point where eff luents need further pol ishing i f
the processed water is to be disposed of by discharge to the Susquehanna River (see Sect ion 7.2).
The SDS cat ion and mixeo bed vessels do prov' ide the benef i t  of  lemoving sodium, making the task
of subsequent pol ishing easier.  Second, col loidal  forms of Cs and Sr that are not easi ly removed
by once-through ion-exchange treatment appear to be present.  Processing modjf icat ions such as
addit ion of heat and holdup t ime may improve the removal of  this col loidal  Cs and Sr.

In order to evaluate the performance of SDS relat ive to al ternat ive treatment systems, ' i t  was
consenvat ively assumed that the worst case condit ions descrjbed above for Cs, Sr,  Ru and Sb
removal occur in the ful l  scale system. Actua' l  system performance:ould yield improved decon-
taminat jon factors in excess of those predicted by the 

' laboratory 
experiments for these radio-

nucl ides. Addit ional ly,  processed water could be recycled through SDS or another pol ishing
system to improve water qual i ty.

The al tennat ive referred to as the modtf jed SDS system includes the f i rst  suggested change replac-
ing the cat ion demineral izers with larger resin beds. Two paral lel  cat ion beCs containing 40 f tg
of organic resin each wi ' l l  enhance sodium removal and lead to substant ial  improvements in system
performance. the second modif icat ion noted above has not been considered in detai l  jn th ' is
sect ion or Appendix G; however,  i t  might add to the eff jcacy of the system without increased
waste generat ion and js considered to be covered by this al ternat ive. In addit ion, this al terna-
t ive is ionceived to cover any other smal l  modif icat jons that might be incorporated jrr  the SDS
process as a result  of  knowledge gained frcm ini t ia l  operat ' ions, etc.  that do not signi f icant ly
change the types or amounts of generated wastes.

0ther al ternat ives involve use of the SDS type f i l ters and zeol i te beds in ser ies with other
treatment systems. One al ternat ive would prccess SDS zeo1ite bed eff luent through an evaporator
and the other would pol ish this eff luent by processing through a second system. EPIC0R II .
Another var iat ion would merely take SDS etf luent after the mixed bed ion exchanger and process i t
through the EPICOR II  system. The SDS fol lowed by EPICOR II  pol ishing, as wel l  as the other '
zeol i te-based systems, are considered adr:quate for t reatment of RB sump water.

Primary System tJater

The raci ionuci ide concentrat ion in this rvater is about a factor 3 lower than thab of RB sunp
water,  60 pCi/ml,  because of di lut ion by makeup water since the accident.  The contaminants
include almost equal guant i t ies of ee:; iurn and stront ium so part iculai  care must be taken regard' ing
stront ium removal.  Moreover,  s ince this water 'provides cool ing for the damaged fuel,  a pont ion
of i t  must be processed on a feed-and-bleed basis and kept adequately borated



舞
艶
寵
躍
楚
轟
鍵
襲
拝
罪
許
非
ヨ
を受ま
一
．　
　
　
　
　
　
．■
，̈
■
．

7‐17

。
Ｌ

Ｏ
や

０
ま
　

ュ
Ｅ

ョ
∽
　

Ｏ

α
　

」

０
中

　

Ｅ
Ｏ

Ｔ
や

０

■

ヨ
Ｄ

，
い

Ｅ

０

０
　
Ｅ

Ｏ
中

の
、

∽

　
や

Ｅ

Ｏ
Ｅ

や

０
０

Ｌ
卜

　
０

＞

Ｔ
や

何
Ｅ
Ｌ

Ｏ
中

一
＜

　
　
守

．
卜
　

Ｏ
Ｌ

ョ
め

，
」

一
】
Ｅ
０
０
↓Ｌ
凹

Ｅ
Ｏ

卜
く

に
Ｏ
Ｌ
く

＞

山

一

ロ
ト
・コ
ｏ
田

Ｎ

り
ａ
り
０
四
一」
一ａ
Ｏ
こ

”
一
Ｅ
０

０
０
」
四

一
凹
卜
・
コ
ｏ

四
Ｎ

Ｅ
Ｏ
卜
く
に
０
」
＜
＞
ロ

一
一
伍
６
）け

一」
四

一
り
ｏ

り

０
四
口
０
四
Ｘ
”Ｅ

０
四
Ｏ

ａ
四
ｘ
一Ｅ

０
口
０

０
口
Ｘ
”Ｅ



7-18

This water contains sodium in concentrat ions comparable to those in RB sump water.  Therefore SDS
treatment of primany systen water could be impeded for the same reasons as those described above
under RB sump water. However, the modified S0S and other zeolite based systems are considered
adequate for treatment of this water.

RCS Flush and Drain Water

This water is expected to have contaminants simi lar to those present in pr imary system water;
however,  the est inrated radionucl ide concentrat ions could range from 20 pCi/nL to 100 pCi/mL.
Since the need to treat this water wi l l  not ar ise unt i l  af ter defuel ing when there is no longer a
need to maintain boron levels, the system used to treat RB sump water or primary system water
could also be used for t reatment of these I iquids.

RCS Dege! Solutions (Water Based)

Use of the CAN-DECON Technique (see Appendix D) to decontaminate the reactor coolant system could
generate about 100,000 gal lons of l iquid waste. Thjs l iquid is expected to contain between
2000 Ci and 20,000 Ci which results in radionucl ide concentrat ions between 1 pCi/ml and 50 pCi/ml.
A zeol i te bed cou' ld be used to str ip radioact ive ions from the decontaminat ion solut ion during
the  decontaminat ing  phase.  Dur ing  the  l iqu id  c leanup phase,  a  zeo l i te  bed in  ser ies  w i th  a  mixed
resin bed could be used to treat these l iquids.

RCS and AFHB/RB Chemical Decontaminat ion Solut ions

These l iquid wastes wi l l  contain relat ively high concentrat ions of chemicals and detergents.
Treatment of these l iquids using ion exchange media wi l l  lead to chemical breakdown or plugging
of the ion exchange media. Therefore, none of the ion-exchange treatment systems described above
can be used to treat this waste. This waste is normal ly treated by an evaporat ive process or
immobi l i zed  d i rec t l y  in  a  so l id i f i ca t ion  fac i l i t y .

Processing Rates

Al l  the above zeol i te-5ased tneatment systems have comparable throughputs, about 100,000 gal lons
per month. The t ime required to process this water wi l l ,  however,  depend on how the selected
system'is operated. For once-through treatment of the var ious l iquids, the RB sump water couid
be processed in 7 months, the RCS f ' lush and drain water in about 2L months, and the RCS water
based decon solut ions in about 1 month. For the pr imary system water,  only a port ion of the
96,000-gal lon inventory can be processed on a once-through basis because the reactor vessel and
cool ing circui ts must remain f i t led and borated. Two al ternat ives are avai lable for t reatment of
the pr imary system water.  The minimum elapsed t ime results when about 70,000 gal lons are drained
from the pr imary system and processed on a once-through basis and then the remaining 26,000
gal lons used for fuel  cool ing and borat ion are processed on a feed-and-bleed basjs.  This approach
leads  to  p rocess ing  about  300,000 ga l lons  over  a  per iod  o f  about  3  months .  I f  the  en t j re  inven-
tory is processed on a feed-and-bleed basis,  about 800,000 gal lons would have to be processed
over a period of about 8 months.

F a c i l i t i e s

The equipment that comprises the zeol i te-based system used for c leanup of RB sump water and other
high act iv i ty water that can be processed pr ior to defuel ing would be located in Spent Fuel Pool
B and operated under water for shield ' ing. Figure 7.5 shows a schematic of the SDS system when
ins ta l led  in  the  spent  fue l  poo l .  The layout  shrwn is  equa l ly  app ' l i cab le  to  the  o ther  a ' l te rna-
t i ves .  As  shown,  f i l te rs ,  zeo l i te  vesse ls ,  and ca t ion  vesse ls  a re  submerged wh i le  the  re la t i ve ly
large mixed bed vessel is operated within a shield cask above the spent fuel  pool water surface.

Both  spent  fue l  poo ls  w i l l  have to  be  empt ied  o f  equ ipment  p r io r  to  t ,he  de fue l ing .  I f  a  zeo l i te -
based system is selected for c leanup of RB sump water and is also used for c leanup of other water
such as  RCS f lush  and dra in  o r  RCS water -based decon so lu t ions ,  the  equ ipment  w j l l  have to  be
re loca ted  to  ex is t ing  ons i te  space or  a  new bu i ld ing .
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Figure 7.5.  Schematic Diagram of TMI-2 SDS Radwaste Treatment Syste冊 .

EPICOR―II and Modified EPICOR II Treatment System5

This  sec t ion  prov ides  a  de ta i led  d iscuss ion  o f  the  EPICOR I I  and mod i f ied  EPIC0R I I  t rea tment
systems. The l icensee has successful ' ly operated the EPICOR II  ion exchange system for clean_up of
AFHB accident water.  This system was designed to process l iquid wastes with specif ic act iv i t ies
below 100 pCi lml.

A  process  f low d iagram fo r  the  EPIC0R I I  sys tem is  p resented  in  F igure  7 .6 .  As  shown,  the  in f luent
is-f j rst  t ransferr-ed to a batch tank. For gross cesium and stront ium removal,  the waste is
processed through an ion exchange vessel referred to as a pref i l ter l iner.  Thjs vessel is about
4 f t  in diametei  and 4 f t  high and contains about 30 f t3 of inorganic and organic resin in 

' layers

designed to best c lean up a part icular batch of inf luent.  Experience to date with processing of
AFHB water shows that over 9: percent of the cesium and stront ium in the jnf luent is removed i i t
the pref i l ter ion exchange vessel.  The l iquids are then processed through a cat ion exchange
v- 'ssi l  for further removal of  cesium, stront ium, and other ions. This vessel is the same size as
the pref i l ter and contains about 30 f ts of cat ion organic resin. Final po' lLgl inS is accomp_l i-shed
by processing through a relat iveiy large mixed led ion exchange vessel.  this vessel is 6 f t
diaireter ny 6 f t  hi"gh and contair is aOout.11S f ts of anion and cat ion organic resins. When the
ion exchange media aie expended, each of the three vessels are removed from the system and replaced.

Performance of the EPIC0R II  system during cleanup of the AFHB accident water has exceeded design
expectat ions. System performance for a typical  batch of AFHB water is shown on Table G.11 jn
Apiendix G. I t  is reasonable to expect comparable performance i f  the system js used to process
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other liquids. The average throughput of the systerm has been about 2 gpm over the 16 months it
has operated.

A mod i f ied  vers ion  o f  EPIC0R I I  i s  a lso  be ing  cons i6grg6.12r13 The mod i f i ca t ion  wou ld  cons is t  o f
replacing the f i rst  stage pref i l ter with a zeol i te ion exchange vessel which would be loaded to
higher radioact iv i ty levels than the pref i l ters,  result ing in corresponding reduct ions in sol id
waite generated. This vessel would have the same water processing character ist ics as the f i t 'st
stage vessels used in the SDS. Since zeo' l i tes would be loaded to higher radioact iv i ty levels
than the expended pref i l ters,  the zeol i te bed would be operated within i ts own shield. The
modif ied version of EPIC0R II  may bypass the mixed bed ion exchanger.

RB Sump tJater

The radionucl ide concentrat ions in this water are a factor of 2 greater than the design basis for
treatment with EPICOR II  or the modif ied EPIC0R II  systems. Therefore, nei ther system is sui table
for treatmeni, of this water.

RCS tJater

Primary system urater, RCS flush and drain water, and RCS water-based decsn water have, or are
expected to have, specif ic act iv i t ies below the 100 pCi/mL design l imit  for EPIC0R II .  There-
fore, EPIC0R II  and the modif ied EPICOR II  systems are suj table for t reatment of these l iquids.
The EPIC0R II  system generates relat ively large volumes of organic resins compared to the other
systems which use higher loaded zeol i tes for gross removal of  contaminants in the f i rst  stage.
Hbreover,  these f i rsf  stage organic resins would be highly loaded which could lead to potent ial
sol id waste storage and di iposi t ion problems as discussed in Sect ion 8.1. The modif ied EPICOR II
system el iminates the f i rst  stage organic resins, reduces the volume of generated sol id waste,
ahd a] leviates the concerns associated with the extended storage of higher specif ic act iv i ty
organ ic  res ins  ( i .e . ,  g rea ter  than 10  C i l f t s ) .

RCS and AFHB/RB Chemical Decontaminat ion Solut ions

The chemicals and detergents in these l iquids would lead to chemica' l  decomposit ion of the ion
exchange media. Therefore, nei ther EPIC0R II  nor the modif ied EPIC0R II  system are considered
suitable for t reatment of these vJastes. These wastes are normal ly treated with an evaporat ive
process  or  immobi ' l i zed  d i rec t l y  in  a  so l id i f i ca t ion  fac i l i t y .

Processing Rates

The EPIC0R II system was designed for a throughput of 10 gpm but the time averaged i,ht"oughput
( including outages) has been about 2 gpm. Simi lar performance can be expected for the ntodif jed
EPICOR II  system. This throughput corresponds to a processing rate of about 80,000 gal lons per
month. 0nce-through treatment of RCS f lush and drain water wi l l  take about 3 months. Treatment
of the RCS water-blsed decon water wi l l  require an addit ional lL months. As indicated in Sec-
t ion 7.1.3.3 above, the ent ire pr imary system inventory cannot be processed on a once-through
basis.  The minimum t ime required to process this water would be about 4 months. Feed-and-bleed
processing of the entire inventory would take about 10 months.

Fac i  I  i t ies

If  ei ther the EPIC0R II  system or a modifed version of j t  is selected for t reatment of RCS water,
the equipment wj ' l l  remain in i ts present locat ion. A schematic of the system in i ts Pre.sent
locale i 's presented on Figure 7.7. As shown, each ion exchange,vessel i -s._opera.ted within a
sh ie ld  and,  when expended, - ' i s  removed us ing  a  t rans fer  sh ie ld .  I f  the  pre f i l te r - i s  rep laced by  a
zeo l i te  ion  exchan je  vesse l ,  a  second r ;h ie ld  w i l l  be  p ' laced in  the  ex is t ing  Prq f i l l g l_sh ie ld  to
main ta in  rad ia t ion- leve ls  aL  the i r  cur ren t  leve ls  dur ing  opera t ion  o f  a  mod i f ied  EPIC0R I I  sys tem.
Add i t iona l  sh ie ld ing  w i l l  a lso  be  requ i red  fo r  the  t rans fer  sh ie ld .

7 .1 .3 .5  Evapora tor /Res in  Sys ten

The l i censee in i t ia ted  the  process  o f  r les ign ing  an  evapora tor /so l id i f i ca t ion  fac i l i t y  to  t rea t
l iquid wastes and immobi l ize evaporator bottoms. This act jv i ty has been defemed but js st i l l
considered an al ternat ive.

|■点=と.ニムニ ユ 土 1生主こまをi基皇墨 土去基整金ムと違基撞蓋鐘墓
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F igure  7 .7 .  TMI -2  EPICOR I I  Radwaste  Svs tem.

A process f low diagram for a typical  evaporator/resin system is shown on Figure 7.8. As shown,
in f luent  i s  t rans fer red  to  a  ba tch  tank  fo r  p re t rea tment  (e .g . ,  pH ad jus tment ) .  Fo l low ing  th is
condit ioning step, i t  ' is t ransferred to the evaporator.  The feed rate can vary from 10 to 30 gpm
for the appl icat ions considered for TMI l iquids. The contaminants are concentrated jn the evapor-
ator boLtoms whjch are transferred from the evaporator for immobi ' l izat ion and disposed of as
sol id waste. The Volume Reduct ion Factor (VRF) can vary between 10 and 100, dependent on the
charac ter js t i cs  o f  the  in f luent .  A  VRF o f  100 js  representa t ive  o f  water  based l iqu ids  wh i le  the
retat ively strong chemicals that could be generated from decontaminat ion act iv i t ies wou' ld have a
VRF of t t i  to lO.- Thus, the radioact iv i ty concentrat ion in the bottoms could be 10 to 100 t imes
greater than that in the inf luent.

The vaporized water referred to as a dist i l late is condensed. The condensed water is then pro-
cessed ' th rough deminera l i zers  fo r  remova l  o f  so lub le  contam' inants .  A  ca t ion  deminera l i zer  vesse l
and a mixed-bed demineral izer may be required. Use of a 30-gpm evaporator/resin systen for
treatment of TMI-2 l iquids is discussed belour.

RB Sump t{ater

Th js  water  has  rad ionuc l ide  concent ra t ions  o f  about  190 pC ' i /mL wh ich  when processed w i l l  lead  to
evaporator bottoms with concentrat ions in the 2,000 U9i/ryt  to 20,000 pCj/ .qL range. These hi_gh
conten t ra t ions  w ' i l l  l ead  to  ex t remely  h igh  rad ia t jon  f ie lds  jn  and around the  evapora tor  fac i l i t y .
Indus t ry  exper ience w i th  pnocess ing  even re la t i ve ly  low concent ra t ion  l iqu id  waste ,  0 .1  to
10 pCi l i r l ,  in  s im j la r  evapora tors  has  ind ica ted  po ten t ia l_prob lems-14 Most  sys tems have no t  been
re] iable and outage maintenance has been exr:essive relat ive to other types of t reatment systems
(e .g . ,  ion  exchange) .1s  Some nuc lear  fac j l i t i es  have s ta r ted  up  the i r  evapora tors ,  encountered
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problems with their operation and maintenance, and then shut them down permanently. 16 t'lhen
evaporator experi_ence to date is considered in conjunction with the highly concentrated evaporator
bottoms that would arise from processing RB s:ump witer, personnel expoiuie during outage rnainte-
nance would be excessive.

Addit ional ly,  evaporator bottoms with radionucl ide concerrtrat ions in the 2,000 pCi/mL to
20,000 pCi . /m l . ra lge  when immobi l i zed  in  a  so l id i f i ca t ion  fac i l i t y ,  a re  v re l l  ibove ' the  leve ls
considered suitable for shal low land burial  disposal.  Thus, thesi  mater ials would have to be
handled as.high.speqif i -c a-ct iv i ty wastes. The presence of borates and other precipi tates in the
bottoms and their  l iquid f .orm also reduce the opt ions avai lable for their  disposit ion as high
specif ic act iv i ty.w.aste. l le i ther government noi commercial  faci l i t ies have prbrJuced or treafed
high specif ic act iv i ty wastes, f rom evaporators, with simi lar character ist ics.

Therefore, for_al l  of  the above reasons, an evaporator is not considered suitable for f i rst  stage
treatment of RB sump water.

RCS l{ater

Primary gystem water_ (*- 60 p.C_i/n!L)_, RCS flush and drain water (20 ltCi/nL to 100 pCi/ml) and RCS
water-based decon solut ion_s.(5-pCi/mL to 50 pCi/mL) al l  have relat ively high radjbnucl i i te concen-
trat ions compared-to_the I iquids that have'been treated to date usin-g eviporators. Thus the
above discussion for RB sump water is applicable to this water and evai'orat6rs are not considered
suitable for treatment of this waste.

Chemical Oecontaminat ion Solut ions

The chemical solutions that could be generated from AFHB/RB cleanup and RCS decontamination are
e.xpected.tg ha-ve re' lat ively low radioiucl ide concentrat ions, less' t t ran f  rrCi lmi io 10-lrc i iml:-
lJastes with sini lar concentrat ions and character ist ics hav! been treated'with evapordtors.
Therefore, evaporat ion is considered a sui table al ternat ive for t reatment of these wistes.

Processing Rates

I 90-g-pt capacity unit is expected to have a time averaged throughput (which includes outages) of
3 to 5 gpm. The design to average throughput ratio (6 1o 10) iiti igt'ei. than that considerid for
ion exchange systems.(3 to 5) beiause of-the more frequent miintenaice outages expected with the
evaporator.  _The ant ic ipated volume reduct ion factor for the solut ions thaf could be processed
would range from about 10 to 30. Thus the radionuclide concentrations in the evaporatbr bottoms
could range from 10 pCi/ml to 300 UCi/mL.

The t ime required to process 500,000 gal lons of decon solut ions at 3 gpm would be about four
months. The higher throughput of 6 gpm would reduce this to about 2 monlhs.

7.1.3.6 Bitumen/Resin System -

The bi tumen/resin systern de:er ibed in this sect ion is based on a des_ign which employs one step
evaporat ion/-sol idi f icat ion to process, Tl i l l -2 radiact ive l iquid waste.LTrla The bai ic-component 'of
the system is a twin screw extnuder/evaporator. The screws rotate inside heavy meta1, steam
jacketed barrels.  The system combines a volune redt ict ion and sol idi f icat ion pr-ocess by simul-
taneously feeding meas_ured quantities of liquid waste and hot asphalt to the extruder/evaporator
which evaporates the free water,  mixes the remaining radioact ivd sol ids with asphalt .  and dumoswhich evaporates the free water, mixes the remaining radioactive solids with asphalt, dumps
the mixture ttnto a waiting 5, gal10n drum on a turntable.  The mtxture typicaギly cO名sists Of
50 wt% radioact ive sol idsln asptratt .  The extruder/evaporator is equipped-i l i t t r  s ieam dornes with
in tegra l  condensers  and the  d is t i l l a te  i s  d i rec ted  to  a -downst ream d is t i l ' l a te  co l lec t jon  and o i lin tegra l  condensers  and the  d is t i l l a te  i s  d i rec ted  to  a -downst ream d is t i l ' l a te  co l lec t jon  and o i l
f i l t rat ion system prior to pol i .shing in cat ion and mixed bed demineral izer vessels.  A process
f low diagram of the bi tumen/resin system is shown in Figure 7.9.

The bi tumen/resin system is a relat ively low capacity system, capable of processing l iquid waste
at approximately 0.5 gpm. This evaluat ion assumes that two systems would be ingta11ed to provide
a combined f low capacity of 1 gpm. Addit ional ly,  the radiat ion stabi l i ty of  in i  bi t ,umen/rbdwaste
product is adequate to only about 10e rads. Thus, adminjstrat ive controls would have to be
imposed on waste inf luent to the system, tal<ing into account the concentrat ion of the waste and
ant ic ipated onsite storage to ensure the integri ty of the prod,rct  and i ts container pr ior to
d i  sposa l .
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Primary system water has a concentration of
content considerably less than 10%. Volume
would be unsuitable for the same reasons as

AFHB/RB Chemical Decontamina!!pn _solut ions
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approximately 60 pCi/mL (1.8
reduct ' ion of this water in the
for the RB sump water.

The staff  is wel l  aware that given the low capacity of the system, the appl icat ion of a bi tumen/
resin system in a commercial  nuclear power plant i i  usual ly lssociateA wit tr  the use of a precon-
centrator (e. . .g. ,  cry-stal l izer evaporator).  

-However,  
given-the higher than normal act iv i ty concen-

trat ions and/or ant ic ipated sol ids content of the Tl l l l -2 l iquid waste (see Table 7.1),  the use of
a-preconcentrator was judged to be neither necessary nor desirable. The use of a redundant
( i :e. ,  I  gpm capacity) bi tumen/resin system for trei tment of TMI-2 l iquid wastes is discussed
bel ow.

!q-W
This water has a concentrat ion of approximately 190 pCi/mL (5.3 Ci l f t3) and an est imated sol ids
content considerably less than 10%. Volume reduct ion of this water in the b' i tumen/ resin system
vrould resu' l t  in a waste product with an act iv i ty concentrat ion considerably in excess of [ f rat
wh ich  is  cons idered su i tab le  fo r  o rgan ic  mater i i l  ( i .e . ,  up  to  10  C i l f t3 ) .  There fore ,  th is
system is considered unsuitable for RB sump water given the i rncertaint ies associated with ul t imate
disposit ion and near-term (on the order of 'several-years)-stabi l i ty of  the waste product.  Radia-
tion damage__to bitumen wastes occurs at approximatbty tOs rads exiosure and is characterized by
product swel l ing as a result  of  the generat ion of gases such as hydrogen, methane, carbon dioxide
and carbon monoxide.

RCS I'later

C i l f t s )  a n d  a  s o l j d s
bitumen/ resin system

The chemical solut ions that are expected to be generated from decontaminat ion act iv i t ies in the
AFHB and RB are expected to have relat ively low act iv i ty concentrat ions, less than 1 pCi/ml to
10 pCi /ml ,  and re la t i ve ly  h igh  so l ids  conten t ,  we l l  in  excess  o f  10%.  Th is  waste  is  cons ' idered
par t i cu la r ly  we l l  su i ted  fo r  p rocess ing  in  a  b i tumen/ res in  sys tem.  Add i t iona l l y ,  the  to ta l
est imated waste volume (47,000 gal lons) is not an unreasonable-quant i ty for a 1 gpm system. The
bitumen/resin system is a h' igh rel iabj l i ty system and i t  should hot take more than several  months
to process this waste. Given the high sol ids content of the waste, the staff  est imates that the
volume reduct ion factor for this waste would be in the range of 3 to 20.

RB l , later Based Decontaminat ion Solut ions

The water-based decontaminat ion solut ions that are expected to be generated from act iv i t ies jn
the reactor bui lding are expected to be mixed with RB sump water pr ior to processing. Thus, for
the reasons ci ted above, regarding RB surnp water processing, the bi tumen/resin system is consid-
ered unsuitable for processing this wate:".  In the event that these decontaminat ' ion solut ions are
not mixed with sump water but are col lected separately,  the bi tumen/resin system would be adequate
for  p rocess ing  th is  waste .

RCS Flush and Drain Water

The radionucl ide concentrat ions in the RCS f lush and drain water is expected to range from
20 l tCi/nL to 100 UCi/mL. This is comparable to the RCS water concentrat ion. Therefore, the
bitumen/resin system is not considered suitable for t reatment of this water.

RCS Decon Solut ions

If  the CAN 0EC0N technique is used, the radionucl ide concentrat ions are expected to be in the
5;rCi lml to 50 pCi/mL range. At 50 pCi lml,  these concentrat ions are too high for t reatnrent of
these l igu ids  w i th  a  b i tumen/ res in  sys tem.  i f  one  o f  the  o ther  chemica l  techn iques  is  used the
expected  concent ra t ions  are  about  a  fac to r  o f  5  lower  i .€ . ,  1  pCi /ml  to  10  pCi /ml .  Chemica1
so lu t ions  w i th  concent ra t ions  in  th is  lower  range are  su i tab le  fo r  t rea tment  w j th  a  b i tumen/ res in
system.

7 .7 .3 .7  Summary  o f  L iqu id  Haste  Trea tment  A l te rna t ives

Tab le  7 .9  shows the  a l te rna t ives  cons jdered fo r  t rea tment  o f  l iqu id  wastes .  A  " * "  on  the  tab le
ind ica tes  the  a l te rna t ive  is  cons idered su i tab ' le  fo r  t rea tment  o f  the  l iqu id  waste  shown.  The
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alternatives indicated by 3 "*" have advantages and disadvantages vrhen compared to each other on
a relat i ' re basis.  The major parameters considered to compare al ternat ives are l isted in ' table 7.10
and discussed below.

Time to Install a System

The time required to place a system into operation depends on many factors. Some systems require
the design, construct ion and checkout of equipment and faci l i t ies ( including new bui ldings) ,
whi le others do not.  The relat ive t ime spans among al ternat ives are indicat ive of when cleanup
of accident water could begin.

Time to Imp'lement

0nce the faci l i t ies and equipment needed to treat l iquid wastes are operat ional,  the performance
character ist ics of the process determines how long i t  wi l l  take to treat the l iquid waste. The
processing t ime is also an indicat ion of the level of  manpower that would be required to process
the water.

Liquid Eff luents Produced

Some systems produce a l iquid eff luent.  The inventory of rodionucl ides in these eff luents is a
measure of relat ive treatment system performance. After processing, these eff luents must be
stoned onsite for reuse or ul t imate disposit ion.,  l , lhether l iquid eff luents sat isfy the cr i ter ia
for outside storage is another measure of relative treatment system performance.

Solid bJastes Produced

Each system also produces sol id wastes, some of which require further processing and handl ing
before disposal.  The character ist ics of these sol ids determine the extent of addit ional processing
and handl ing needed and in some cases l imit  the opt ions avai lable for storage and ul t imate dis-
posa l .  Thus ,  the  charac ter is t i cs  o f  the  resu l tan t  so l id  wastes  and the i r  ab i l i t y  to  be  hand led
and readi ly disposed of is another measure of relat jve system performance.

7.L.4 Eff luents and Releases to the Envl lgnmgq!

7 .L .4 .1  Normal  Opera t ions

Eff luents and releases during treatment of the l iquid wastes described above for the processes
considered are presented in this sect ion. Releases attr ibutable to ajrborne mater ial  (aerosol)
result ing from l iquid processing are shown in Table 7.11. Releases are shown in two ways;
(1) the total  release for an operat ion, expressed in cur ies, and (2) the concentrat ' ion of the
re lease,  expressed as  mic rocur ies  per  mi l l i l e te r  (pC ' i /mL) ,  o f  gaseous e f f luen t .  The bases  fo r
the  ca lcu la t ion  o f  re leases  are  g iven be low.

As a  resu l t  o f  var ious  process ing  opera t ions  invo lv ing  l iqu id  mater ia ls ,  sma11 quant i t ies  o f  the
l iquids become airborne and enter the vapor spaces above the l iquid. The composit ion of such
aerosols is ident ical  (at  the t ime of formation) to that of  the l iquid from whjch i t  was derived.
The l ' iquid in the aerosol evaporates, leaving suspended residual sol ids. The airborne mater ial
is carr ied by subsequent movement of air  in process vent systems, then ul t imately combined with
bu i ld ing  vent i la t ion  a i r ,  t rea ted  by  the  a i r  c lean ing  sys tem fo r  the  bu j ' ld ing ,  mon i to red  by
radiat ion detectors, and f inal ly released to the environment by control led discharge. I f  neces-
sary, releases to the environment can be stopped by shutt ing down the vent i lat ion system. Whi le
in transi t  larger part ic les sett le out rapidly,  whi le very smal l  part ic les remain suspended and
tend to agglomerate with each other to form' larger part ic les. The air  c leaning system inc' ludes
one or  more  s tages  o f  HEPA f i l te rs  wh ich  remove the  bu lk  o f  the  so l id  a i rborne  mater ia l .  Vo la t i le
mater ials,  such as tr i t iated water vapor are not affected by the air  c leaning system.

The gaseous eff luents and releases from these operat ions attr ibutable to the formation of aerosols
are dependent on four pr incipal factors: (1) the concentrat ion of the radionucl ides in the
l iquid being treated, (2) the processing rate, (3) the fract ion of the mater ial  processed that
becomes aerosol ized, and (4) the fract ion of such mater ials that passes through the air  c leaning
system uncontrol  led.

To calculate eff luents and releases, the stal ' f  used a throughput of 10 gal lons per minute, the
des ign  bas is .  The t ime averaged th roughput ,  i .e . ,  ga l lons  processed over  severa l  months ,  w i '11  be
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stages of HEPAs in sertes are present in the cleaning system.  The principal characteristic of
the HEPA fギlter is that it is very efficient for collecting very small and very ]arge particles.
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priate ventilation rates for these calculations also are not known.  Therefore, 31l Calculations
have been normalized to a ventilation flow rate of 10,000 cfm.  If, for example, actual ventila―

tギon rates are doubled (1.e., 20,000 cfm), the calculated concentrations would be one― half of
thO,e ShOWn in Table 7.11.  This assumption has no effect on the tota] releases, expressed as
curles.

7.1.4.2  Accident Conditions

The fatlure of a HEPA filter is considerr,d a credible accident event (1.e., an accident that
could occur).  The operation of the air c]eaning system is cOnstantly 冊 OnStOred, and a HEPA
filter fatlure would be detectable in a matter of minutes.  However, it is assumed here that the
accident conditions would exist for a period of 15 minutes before remedial action is taken.

Experience has shown that when a HEPA filter fa!ifit、
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fraction,   The releases calculated to result from such an accident are shown in Table 7.12.

7.1.5  Environmental lmpacts

7.1.5.1  0ccupational Doses

AFHB Water Processing (EPICOR  II) Experience9

The EPICOR II system is designed for use in deco口
nel radiation exPosure.  The EPICOR II operatlon

are:  operation and sampling (abOut 20 pert3ent O
40 percent), and maintenance and outages (abOut
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mated  unit  maintenance  dose of  about O,003 person― mrem per ga]lon  processed.   On
this basis, the total maintenance cumulative dose is about 2 person‐ rem.
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st i l l  a marked improvement over the dose incumed for in i t ia l  batch processed. As of August
1980, the bulk of the AFHB water had been processed. About 55,000 Ci had been removed from about
500,000 gal lons of water.  The cumulat ive occupat ional dose incumed was a l i t t le less than
15 person-rem.

The expected number of addit ional cancer mortal i t ies jn the work force exposed to a cumulat ive
dose of 15 person-rem would be 0.002. The expected number of addit ional genet ic effects in the
offspr ing of the work force exposed to this cumulat ive dose of radiat ion would be 0.004.

This EPICOR II  experience is relevant to the exposure that cou' ld be received by personnel operat ing
simi lar systems. Table 7.13 summarizes this experience in terms of var ious unit  exposures.

Table 7.13. Summary of EPIC0R II  System Occupat ional Exposure Experience

Operational Authority

Total  Cumulat ive
Dose Received
(person- rem) Uni t  Dose

1. Operat ion and Sampling

2. Liner Changeout

3. ilaintenance and
0utages 15a

6.0  x  10-6  person- rem per  ga1 lon
processed.

8 .5  x  10-2  person- rem per  l iner
removed.

1 .2  x  10-5  person- rem per  ga l lon
processed.

aOveral l  average performance shows 3 x 10-s person-rem per ga1' lon processed and af 'cut
2.7 x L0-4 person rem per Ci removed.

Reactor Building Sump l{ater

This water is assumed treated with ion exchange systems which may be iubmerged in the spent fuel
poo l .  These sys tems inc lude SDS,  mod i f ied  SDS,  zeo l i te /evapora tor ,  zeo l i Ie /EPICOR I I ,  and SDS/
EPIC0R I I  (see  Sect ion  7 .1 .3 .1 ) .  The sys tem wi l l  be  opera ted  f rom a  remote  cont ro l  conso le
simi lar to the EPICOR II  arrangement.  Thus, the occupat iona' l  exposure incident to sampl ing and
operat ion wi l l  be comparable to EPIC0R II .  The average dose for these act iv i t ies was about
0.005 person-mrem per ga' l lon. Thus, cleanup of RB sump water could lead to cumulat- ive doses of
about 4.2 Derson-rem.

The dose due to l iner changeout for an SDS type system should be below that experienced with
EPIC0R II  s ince l iners wi l l  t re changed out underwater.  The number of l iners +.0 be handled is
about twice the number handled for EPIC0R II  because zeol i te l iners have to be sequenced. Based
on f ields a factor of 10 below those during EPIC0R II  l iner changeout and twice the hand' l ing, the
l iner changeout cumulat ive dose should be a factor of 5 below the EPIC0R I i  experience or about
1 .2  person- rem.

i laintenance on the submerged systems wi l ' l  a lso be performed through the water shielding. Hot+ever,
the t ime required to perform this maintenance remotely wi l l  increase. Combining these two factors
leads to an est imated unit  maintenance dose of about 0.003 person-mrem per gal lon processed. 0n
this basis,  the total  maintenance cumulat ive dose is about 2 person-rem.

Based on the above assumptions, the total  est imated cumulated dose for t reatment of 700,000
gal lons of RB sump water using a submerged ion exchange treatment system is about,7.4 person-rem.

If  this water is further treated by pol ishing with a second system sr;ch as EPICOR II ,  the est i -
mated addit ional dose would be .rbout 3 person-rem for operat ion, abo.. !r-  0.5 person-rem for l iner 島
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changeout and.about 0.5 person-rem for outages and maintenance for a total  of  4 person-rem.
These lowen doses are due to the much lower activity water that would be processed through a
second pol ishing system.

The sump water is expected to be processed over four quarters of the year. The cumulative dose
range of 7.4 to 11.4 person-rem incurred over four quarters ' is equivalent to 1.9 to 2.9 person-rem
per quarter. Based on an individual dose of 1 rem per quarter, a yrork force of 2 to 3 persons
would be needed.

The expected number of addit ional cancer mortal i t ies in the work force exposed to this cumulat ive
radiat ion dose is less than 0.001. This means that the added probabi l i ty that the average indi-
vidual worker would die of cancer is about one in 1400. The expected number of addit ional genet ic
effects in the offspr ing of the work force exposed to this cumulat ive dose is about 0.002.

Reactor Coolant System and F'lush/Drain Water

Since these two sources of l iquid waste wi l l  probably be treated by the same system, they have
been combined in this sect ion. The total  volume of l iquid to be cleaned up is abori t  350,000 gal-
lons containing between 40,000 Ci and 120,000 Ci.  However,  feed and bleed processing of the
coolant system water wi l l  result  in about 530,000 gal lons being processed through the selected
treatment system.

EPICOR II  as wel ' l  as a modif ied version of EPIC0R II  is being considered for t reatment of this
water.  The most recent experience with EPIC0R II  indjcates an average cumulat ive dose of
1 person-rem per 30,000 gal lons processed. Based on this experience, treatment of the 530,000 gal-
lons could result  in about 18 person-rem. At the higher cur ie content,  about three t imes the
number of l iners wi l l  have to be changed out,  leading to about 14 person-rem of addit ional dose.
Thus, use of these systems could lead to a cumulat ive dose between 18 and 32 person-rem.

If  an SDS type ion exchange system is used for c leanup of this water,  the system could be operated
submerged for c leanup of coolant water but would have to be moved to a di f ferent loca' le for
cleanup of f lush and drain water.

Using assumptions simi lar to those descr" ibed above for RB sump water,  the est jmated cumulat ive
dose for processing 280,000 gal lons of water containing 20,000 Ci is 3 person-rem. Est imates for
subsequent cleanup of 250,000 gal lons of RCS f lush and drajn water can be based on the EPIC0R II
summary in Table 7.13. To remove 20,000 Ci,  the cumulat ive dose est imate is about 5 person-rem.
Removal of  100,000 Ci wi l l  increase this to about 7 person-rem due to the jncreased number of
zeo l i te  l iners  to  be  changed ou t .

Therefore, the cumulat ive dose can range from a mjnimum of about 8 person-rem (40,000 Ci removed
by an SDS type system) to a maximum of 32 person-rem (120,000 Ci removed by an EPIC0R i I  system).

The staff  assumes that the crew size for the processing of this water wi l l  be the same as that
used for processing the water in the AFI{B. At a rate of 23,000 gal lons per week (based upon
EPICOR I I  exper ience) ,  p rocess ing  o f  530,000 ga l lons  w i l l  take  about  23  weeks .

The expected number of addit jonal cancer morta' l i t ies in the work force of 15 persons receiving
this cumulat ive dose of radiat ion (8 to 32 person-rem) ranges between 0.001 and 0.004. This
means that the added probabi l i ty that the average individual worker would die of cancer ranges
from one in 4000 to one in 7500. The expected number of addit ional genet ic effects in the
offspr ing of the work force receiving this cumulat ive radiat ion dose ranges between 0.002
and 0 .008.

Chemica' l  Decontaminat jon Liquids

The re la t i ve ly ' low vo lume o f  AFHB/RB chemica l  decontam' ina t ion  so lu t ions  cou ld  be  d i rec t l y  in rmo-
b i ' l i zed .  The dose es t jmates  fo r  immobi l i z ing  these l iqu ' ids  a re  p resented  in  Sec t ' ion  8 .2 .

The relat ively large volume of chemjcal so1ut ions that could be generated from RCS decontam'inat ion
with one of the chemical techniques coulcl  be treated with ei ther an evaporator/  resin or a bi tumen/
res in  sys tem.  Th is  500,000 ga l lons  o f  chen jca l  so lu t ion  cou ld  conta in  be tween 2 ,000 C i  and
20,000 Ci and the est imated doses for renroving 20,000 Ci are presented below.
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Evaporator Resin Alternative. The average throughput of an evaporator that could be used would
@ T h e u n i t w o u l d b e o p e r a t e d f r o m a r e m o t e c o n t r o l c o n s o l e s o . t h a t t h e
EPICOR II  expei ience i i - relevant.  This experidnce indicated that 0.006 person-rem was received
per gal lon. Thus, for the lower throughput,  cumulat ive personnel dose for these operat ions would
be about 2.5 person-rem. For the higher throughput of 5 gpm, this would be reduced to about \
1.5 person-rem. The dose ar is ing from resin vessel changeout wi l l  be lower than that experienced
with EPIC0R II  s ince the ion exchange media is only used for pol ishing. For EPICOR II ,  about '
0.085 person-rem was received pen l iner changed-out.  Processing of 500,000 gal lons would require
changeout of about 5 resin l iners. Conservat ively using the EPIC0R II  experience leads to a
cumulat ive dose of about 0.5 person-rem. 0n the other hand, maintenance on an evaporator wj ' l l
result  in higher dose than EPICOR II  experience. For EPICOR II ,  this cumulat ive dose was about
1.2 x 10-5 person-rem per gal lon. For the evaporator,  maintenqnce exposure is est imated to be a
factor of 5 to 10 higher than this,  or 5.0 X tO-s to 1.2 x 15-4 person-rem per gal lon. At 500,000
gal lons, the maintenance dose could range fnom 30 person-rem t 'o 50 person:rem. Thus, the total
cumulat ive dose for processing 500,000 gal lons could range fron a minimum of about 32 person-rem
to a maximum of aboui,  63 person-rem. I f  t t re act iv i ty of the water is 1 pCi/mL instead of 10 pCi/mL,
this dose could be reduced by as much as 50 percent.

Bj lumen/Resin Alternat ive. The bi tumen/resin system is a high rel iabj l i ty uni t  and the t jme
a v e @ p p r o x i m a t e t h e d e s i g n t h r o u g h p u t o f 1 g p m . T h e u n i t w o u l d b e o p e r a t e d
from a remote control  console so the'EPICOR II  experience of 0.006 person-rem per ga' l lon' is
relevant.  For a throughput of 1 gpm, the average cumulat ive dose would be twice the EPICOR II
f igure  or  0 .012 per  ga l lon- -6  penson-nem for  500,000 ga l lons .  S ince  th iS 'un i t  uses  ion  exchange
vessels to pol ' ish dist i l ' late,  the number of vessels to be removed wj l ' l  be comparable to those
required with the evaporator resin unit  descr ibed above. Conservat ively using the EPIC0R II
experience f igure of 0.085 person-r 'em pen l iner,  the dose. incjdent to changeout wi l l  be about
0 .5  person- rem.

The extruder-evaporator units require a minimum amount of maintenance compared to an evaporator/
resin system. The lower throughput of two units, 1 gpm, is compensated for by less outage sa the
maintenance requirements for these units would be comparab'le of those experienced by the 2-gpm
EPIC0R II  system, 1.2 x 10-s person-remper gal ' lon. At this dose rate, pnocessing approximate' ly
500,000 gal lons wi l l  result  in a maintenance outage dose.of about 6 person-rem. Thus, the total
est imated cumulat ive dose to process 500,000 gal lons is about 12.5 person-rem.

Summary. I f  RCS chemical decontaminat ion solut ions are treated with an evaporator/res' in system,
Fhe est imated occupat ional cumulat ive dose could range from 32 to 53 person-rem. Processing the
sape l iquid waste through two bi tumen/resin systems could result  in an occupat ional cumulat ive
dose of about 12.5 person-rem. Thus, the est imated cumulat ive dose incident to proccssing RCS
chemical decontaminat ion solut ions could vary from 12.5 person-rem over about 11 months to a
maximum of 63 person-rem over about 4 months.

The est imated cumulat ive dose for c leanup of RCS chem'ical  solut ions, i f  they are generated,
ranges from a minjmum of 13 person-rem to a maximum of 63 person-rem. For the evaporator/resin,
54 person-rem wi l1 be neceived over about 5 months. Fon the bi tumen/resin system, 13 person-rem
wil l  be received over about 25 months.

The expected number of addit ional cancer mortal i t ies in the work force receiving to this cumula-
t ivr:  radiat ion dose would range from 0.002 Lo 0.008. The expected number of addjt jonal genet ic
effects in the offspr ing of the work force receiv ' ing this cumulat ive dose would range from 0.0034
to  0 .016.

7 . 1 . 5 . 2  O f f s i t e  D o s e s

The dose est imates presented here for processing of accident and decontamjnat ion water are based
on the  source  te rms deve loped in  Sec t ion  7 .1 .4 .1  and l i s ted  in  Tab le  7 .11 .  The ca lcu la t iona l
models used to make these est imates and the interpreiat ion of their  resu' l ts are descr ibed in
Appendix W. The signi f icance of these dosers and their  human health and enviro-nmental  consequences
aib discussed in Sect ion 10.3. The dose est imates to the maxinum exposed indivjdual for proces-
s ing  the  water  a re  l i s ted  in  Tab le  7 .14 .  

' the  
50-mi le  to ta l  body  popu la t jon  dose assoc ia ted  w i th

the processing was est ' imated to be about 2 person-rems.
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Table 7.14. Dose Estimates for the l,laximum Exposed Individual due
to Pnocessing of Accident and Decontamination Uater

Locati on
0ose (mrem)a

Pathway Total‐Body Bone Liver

Ne3:♀
8:nb

Nearest
mi lk  goat

Nearest cow
and garden

Inhal at i  on
Ground Shine
Vegetable Use

Total

Inhal ati on
Ground Shine
Goat  Mi lk  Use

Total

Inhal at ion
Ground Shine
Vegetable Use
Cow tili ' lk Use

Total

2.9 X 10‐ 3

5.5 X 10-3
2.3 X 10-1

2.4 X 10-1

3.3 X 10,3
5.3 X 10-3
9.9 × 10‐2

1.l X 10-1

3.l X 10-3
8.l X 10-3

3.4 X 10。 1

3.8 X 10-2

3.9 天 10-1

4.O X 10-2

5.5 x 10‐3

9.6 X 10-1

1 , 0

1.5 X 10。 2

5.3 X 10-3
7.2 × 10-1

7.4 X 10-1

4.5 X 10-2
8.l X 10-3

1 . 4
2.O x 10-1

1 . 7

1.3 X 10-1

1.7 X 10‐ 3

5,3 X 10‐ 3

7.3 × 10-1

7.4 X 10-1

2.8 X 10。 3

8。l X 10'3

1.8 X 10-1
1.4 X 10‐ 1

3.3 X 10-1

2 . 5 X

5 , 5 X
l . 2 X

３

３

１

０

０

０

１

１

１

"Doser were calculated for total-body, Gi- tract,  bone, l iver,  k idney,
thyroid, lung and skin, The maximum three organ doses are l isted in this
table. Doses were calculated for four age groups; adults,  teenagers,
chi ldren, and infants. The highest dose est imates for each age group are
listed. The dose estimates for the nearest garden and nearest cow and
garden locat ions ane for chi ldren and for the nearest goat locat ion are
for adults for total-body and for infants for bone and l iver.

bThe basis for select ing the special  locat ions is descr ibed in Appendix bJ.
The actual locat ions are: nearest garden = 1.05 mi les east-northeast,
nearest mi lk goat = L.02 mi les north, and nearest cow and garden
= 1 .05  mi les  eas t .

7 .1 .5 .3  Pos tu la ted  Acc ident  E f fec ts

The type of accident for which dose est imates are presented is the rupture of a HEPA f i l ter whi le
processing accident or decontaminat ion water.  The accident scenarios are descr ibed in
Sect ion 7.L.4.3 along r* i th their  source terms. The calculat ional models used to make these
est imates and the interpretat ion of their  results are descr ibed in Appendix l , l .  The signi f icance
of these doses is discussed in Sect ion 10.4. The est imated doses to the maximum exposed individual
for each accident scenario are I isted in the fol lowing tables:

Scenari o

Liquid Plqqegsing:
RB Sump Accident Waten
RB Decon. l,later
AFHB & RB Chemical Decon. Water
RCS Accident Water
RCS Flush and Drain Water
RCS Decon. l,later and RCS Chemical Decon. Uater

Table Number

7.15
7.16

7.17

7.18

7.19
7.20
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Table 7.15. Dose Est imates for the l t laximum Exposed Individual
Caused by Fai lure of a HEPA Fi l ter dur ing Processing

oi Reactor Building Sump Accident lJater

Dose (mrem)a

Location Pathway Tctal‐Body Bone Li ver

Ne3:景
8とnb

Inhal at i  on
Ground Shine
Vegetable Use

Total

Inhal at i  on
Ground Shine
Goat  Mi lk  Use

Total

Inhal at i  on
Ground Sh ine
Vegetable Use
Cow Mi lk  Use

Total

1.l X 10-2

2.8 X 10-1
2 . 2

2 . 5

2.5 X 10‐2

2.8 X 10-1
4 . 7

5 。0

7.2 X 10‐3

2.8 X 10-1

2 . 2

8.4 X 10-1

3 . 3

1.O X 10-1
2.8 x 10-1

11

11

5,O X 10-2

2.8 X 10-1
33

33

7.2 X 10-2
2.8 X 10-1

11

5 . 1

16

3.9 X 10-2
2.8 X 10-1

6 . 5

6 . 8

2.8 X 10-2

2.3 X 10-1
40

40

2.7 X 10-2
2.8 X 10‐ 1

6 . 5
4 . 9

12

Nearest
mi lk  goat

Nearest cow
and garden

aDoses were  ca lcu la ted  fo r  to ta l -body ,  G l - t rac t ,  bone,  1 iver , -k idney ,  . .  .
t twioiO, lung and skin. The maximuin-three organ doses-are l isted in this
ta6le. 

'Dosel 
were ca' lculated for four age groups; adults,  teenagers,

chi ldren, and infants. The highest dose est imates for each age group.are
l isted. 

'The 
dose est imates foi  the nearest garden and nearest cow and

garden locat ions are for chi ldren and for the nearest goat locat ion are
ior adults for total  body and for infants for bone and l iver '

bThe basis for select ing the special  locat ions is descr ibed in Append' ix t ' r | .
The actual locat ions aie: nearest garden = 1.05 mi les east-northeast '
neirest mi lk goat = ! .02 mi les north, and nearest cow and garden
= 1 .05  mi les  eas t .
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Table 7.16. Dose Est imates for the Maximum Exposed Individual
Caused by Fai lure'of  a HEPA Fi l ter dur ing Processing

of Reactor Bui lding Decontaminat ion Water

_ ― と本手=を どうふ革 .■■ ti■■主=霊 摯章 監晶

Dose (mrem)a

Location Pathway Total -Body Li ver

Ne3:i3と
nb Inhal at i  on

Ground Shine
Vegetable llse

Total

lnhal at i  on
Ground Shine
Goat  Mi lk  Use

Total

I  nhal at i  on
Gnound Shine
Vegetable Use
Cow Mi lk  Use

Total

3 , 6 X
4 . 3 X
3 . O X

3 . 5 X

3 . 6 X
4 . 3 ×
7 . l X

7 . 6 ×

2.5 X 10-6
4.3 X 10-5

3.O X 10-4
1.7 X 10-4

5。2 X 10-4

4 . 2 X
4 . 3 X

9 . 7 X

l . O X

4 . 2 X
4 . 3 X
5 , 9 X

5,9 × 10-3

4.0 × 10-6
4.3 X 10-5

9.7 × 10-4
7,4 X 10-4

1.8 X 10-3

０

０

０

　

０

　

０

０

０

　

０

１

１

１

　

１

　

１

１

１

　

１

6 . 4 ×
4 . 3 x
l . 5 X

l . 5 X

６

５

４

　

　

３

　

　

６

５

３

０

０

０

　

０

　

０

０

０

１

１

１

　

一ェ

　

ー

ー

ー

６

５

３

　

　

３

０

０

０

　

０

１

１

１

　

１

Nearest
mi lk  goat

Nearest cow
and garden

6.4 X 10‐ 6

4。3 X 10-5
4.9 X 10-3

4.9 X 10‐ 3

9.O X 10-6

4.3 × 10-5

1.5 × 10-3
7.6 X 10‐ 4

2.3 × 10-3

aDoses were calculated for total-body, Gl- tract,  bone, 1iver,  k idney,
thyroid, lung and ski l r .  The maximum three organ doses are l isted in this
table. Doses were calculated for four age groups; adults,  teenagers,
chi ldren, and infants..  The highest dose est imates for each age group are
l isted. The dose est imates fon the nearest garden and nearest cow and
garden locat ions are for chi ldren and for the nearest goat locat ion are
for adults for total-body and for infants for bcne and l iver.

bThe basis for select ing the special  locat ions is descr ibed in Appendix W.
The actual locat ions are: nearest garden = 1.05 m' i les east-northeast,
nearest mi lk goat = 1.02 mi les north, and nearest cow and garden
= 1 .05  mi les  eas t .
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Table 7.17. Dose Est imates for the Maximum Exposed Individual
Caused by Fai lure of a HEPA Fi l ter dur ing Processing

of Reactor Bui lding Decontaminat ion Water

Dose (mrem)a

Locati on Pathway Tota'l-Body Li ver

Ne3:景
8:nb

I  nhal at i  on
Ground Shine
Vegetable Use

Total

I nhal ati on
Ground Shine
Goat  Mi lk  Use

Total

Inhal at i  on
Ground Shine
Vegetable Use
Cow Mi lk  Use

Total

6.7 X 10'6
7.9 X 10-5

5.7 X 10-4

6.6 X 10-4

6.7 X 10-6
7.9 X 10‐ 5

1.3 X 10‐3

1.4 X 10‐3

4.6 X 10‐ 6

7.9 X 10‐ 5

5.7 X 10-4

3.2 X 10-4

9.7 X 10-4

2.4 X 10-5
7.9 X 10‐ 5

2.7 X 10-3

2.8 X 10-3

1.2 X 10-5

7.9 × 10‐5

9。2 × 10-3

9。3 X 10-3

1.7 X 10-5
7.9 × 10‐5

2.7 X 10‐ 3

1.4 X 10-3

4。2 X 10-3

1.1 × 10-5
7.9 X 10-5

1.7 X 10-3

1.8 × 10-3

7.9 X 10-6

7.9 X 10-5
1.l X 10-2

1.l X 10-2

7.4 X 10-6

7.9 × 10-5

1.7 X 10-3

1.4×  10-3

3.2 X 10-3

Nearest
m' i1k goat

Nearest cow
and garden

aDoses were calculated for total-body, GI-tract,  bone, l iver,  k idney,
thyroid, lung and skin. The maximum three organ doses are l isted jn this
table. Doses were ca' lculated for four age groups; adults,  teenagers,
chi ldren, and infants. The highest dose est imates for each age group are
l isted. The dose est imates for the nearest garden and nearest cow and
garden locat jons are for chi ldren and for the nearest goat locat ion are
for adults for total-body and for infants for bone and l iver.

bThe basis for select ing the special  locat ions js descr ibed in Appendix rrJ.
The actua' l  locat ions are: nearest garden = 1.05 mi les east-northeast,
nearest m' i  1k goat - :  l .O2 miles noi '^uh, and nearest cow and garden
=  1 . 0 5  m i l e s  e a s t .
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Table 7.18. Dose Est imates for the Maximum Exposed Individual
Caused by Fai lure of a HEPA Fi l ter dur ing Processing

of RCS Accident Water

0ose (mrem)a

Locat ion Pathway Tctal‐Body Li ver

Ne3:景
岳とnb

Nearest
mi I k goat

Nearest cow
and garden

Inhal at ion
Ground Shine
Vegetable Use

Total

Inhal at i  on
Ground Shine
Goat l , l i lk Use

Totai

I nha'l ati on
Ground Shine
'.'-getable Use
Cow Mi lk  Use

Total

4.8 X 10‐3     7.3 X 10‐2

6.5 X 10‐3     6。S X 10‐3

1 . 4

1 . 4

1,9 X 10‐ 3

6.5 × 10-3

2.8 X 10-1

2.9 X 10‐ 1

3.3 X 10‐ 3

6.5 X 10‐ 3

1 . 4

8。9 X 10‐2

1 . 5

5 . 5

5 . 6

3.O X 10-2
6.5 × 10‐3

1 . 6

1 . 6

5.l X 10-2

6.3 X 10-3

5 . 5

4.O X 10-1

6 . 0

8.9 X 10-4

6.5 X 10-3
1.5 × 10-■

1.6 X 10‐ 1

6.5 X 10‐ 4

6.5 X 10-3

9.2 X 10-1

9。3 X 10‐ 1

6.l X 10-4

6.5 X 10-3

1.5 X 10-1

1.2 X 10‐ 1

2.8 X 10-1

工
差
語
算
打
ユ
き
務
鉢
多
務
酸
控
露
隆

aDoses were calculated for total-body, Gl- tnact,  bone, I iver,  k idney,
thyro id ,  lung  and;k in .  Ihe  max imum three  organ doses-are  l i s ted  in  th is
table. Dosei vere calculated for four age groups; adults,  teenagers,
ch' i ldnen, and infants. The highest dose est imates for each age group are
listed. The dose estimates for the nearest garden and nearest cow and
garden locat ions are for chi ldren and for the nearest goat ' locat ion are
ior adults for total-body and for infants for bone and l iver.

bThe basis for select ing the special  locat ions is descr ibed in Appendix h, l .
The actual locat ions aie: nearest garden = 1.05 mj les east-northeast,
nearest mi lk goat = 1.02 mi les north'  and nearest cow and garden
= 1 .05  mi ' les  eas t .

―ニ
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Tab' le 7.19. Dose Est imates for the Maximum Exposed Individual
Caused by Fai lure of a HEPA Fi l ter dur ing Processing

of RCS Flush and Drain l rJater

Dose (mrem)a

Location " Pathway
. C

Total -Body Li ver

Ne3告
景8とn古

Nearest
mi lk  goat

Nearest cow
and ganden

Inhal at i  on
Ground Shine
Vegetable Use

Total

I nha r ati on
Ground Shine
Goat  Mi lk  Use

Total

I  nhal at i  on
Ground Shine
Vegetable Use
C o w  M i l k  U s e

Total

2.4 × 10-2
3.3 X 10-2

7 . 0

7 . 1

9.6 X 10-3

3.3 X 10-2
1 . 5

1 . 5

1.6 X 10-2
3.3 X 10-2

7 . 0
4.4 × 10-1

7 . 5

3,7 × 10-1
3.3 × 10-2

28

28

1.5 X 10-1
3.3 X 10-2

8 . 1

8 . 3

2.5 X 10-1

3.3 × 10-2
28

1 . 9

30

4.4 × 10-3
3.3 X 10‐2

7.4 X 10-1

7.8 X 10-1

3.3 X 10-3
3.3 X 10-2

4 . 6

4 . 6

3.1 × 10-3
3.3 × 10-2
7.4 X 10-1

5,7 X 10-1

1 . 3

aDor"r were calculated for total-body, Gl- tract,  bone, 1iver,  k idney,
thyroid, lung and skin. The maximum three organ doses are l isted in this
table. Doses were calculated for four age groups; adults,  teenagers,
chi ldren, and jnfants. The highest dose est imates for each age group are
l isted. The dose est imates for the nearest Earden and nearest cow and
gardetr locat ions are for chi ldren and for the neanest goat locat ion are
for adults for total-body and for infants for bone and l iver.

bThe basis for select ing the special  locat ions is descr ibed in App..ndix V, l .
The actual locat ions are: nearest garden = 1.05 mi les east-northeast,
nearest mi lk goat --  L.02 mi les north, and nearest cow and garden
=  1 . 0 5  m i l e s  e a s t .
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Table 7.20. Dose Est imates for the l4aximum Exposed Ind' iv idual
Caused by Fai lure of a HEPA Fi l ter dur ing Processing of RCS
Decontamination I'later or RCS Chemical Decontaminat'ion Water

0ose (mrem)a

Location Pathway Total -Body Li ver

Ne3告
景3をr、b I  nhal at i  on

Ground Shine
Vegetable Use

Total

I  nhal at i  on
Ground Shine
Goat  Mi lk  Use

Total

I  nhal at i  on
Ground Shine
Vegetable Use
Cow Mi lk  Use

Total

4,9 X 10-3
6.5 X 10‐3

1 . 4

1 . 4

2.O X 10‐3

6.5 X 10-3

3.0 × 10-1

3.1 × 10‐1

3.4 X 10-3

6.5 X 10-3
1 . 4

9.0 × 10‐2

1 . 5

7.5 X 10-2
6.5 X 10-3

5 . 7

5 . 8

3.l X 10‐2

6.5 × 10-3
1 . 6

1 , 6

8.9 X 10-4
6.5 X 10-3
1.5 × 10-1

1.6 X 10-1

6.5 X 10-4

6.5 X 10-3
9.2 X 10と 1

9.3 X 10-1

Nearest
mi I k goat

Nearest cow
and garden

5.2 X 10-2     6.l X 10-4
6.5 X 10‐3     6.5 ×  10-3

5.7         1.5 ×  10-1
4.0 × 10-1     1,2 ×  10-1

6.2         2.8 ×  10-1

aD"ses were caiculated for total-body, Gl- tract,  bone, 
' l iver,  

k idney,
thyroid, lung and sk' in.  The maximum three organ doses are l isted in this
tab' ie.  Doses were calculated for four age groups; adults,  teenagers,
chi ldnen, and infants. The highest dose est imates for each age group are
l isted. The dose est imates for the nearest garden and nearest cow and
garden locat ions are for chi ldren and for the nearest goat locat ion are
for adults for total-body and for infants for bone and l ive:.

bThe bas is  fo r  se lec t ing  the  spec ia l  
' .oca t ions  

is  descr ibed ' in  Append ix  W.
The actual locat ions are: nearest garden = 1.05 mi les east-northeast,
nearest mi lk goat = 1.02 mi les north, and nearest cow and garden
=  1 . 0 5  m i l e s  e a s t .

7 .1 .6  L iqu id  Process ing  Costs

The al ternat ive water processing faci l i t ies and associated operat ing costs are detai led in Appen-
dix K. Based upon the detai ls contained in Appendix K, the staff  has bounded the costs for the
various water processing al ternat ives as a funct ion of the contamjnated waters to be processed.
The s ta f f  be l ieves  tha t  the  cos ts  fo r  water  p rocess ing  and fac i l i t y  cons t ruc t ion  w i l l  l i e  somewhere
between $21 mi l l ion  and $29 mi l l ion  regard less  o f  the  combina t ion  o f  a l te rna t ives  se lec ted .  The
staff  has made no attempt to quant i fy the cosi ts of l icensing or qual i f icat ion test ing of the
various al ternat ives, therefore these costs should only be used as relat ive comparison.
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7.L.7 Ccmparison of Liquid Was,te Treatment A'llgrnat'lves

The al ternat ives discussed above were compared on a relat ive basis considering t ime to ini t iate
processing, t ime to complete processing, worker exposure, qual i ty of l iquid eff luent ( i f  any) and
costs. Table 7.21 summarizes these parameters as a funct ion of al ternat ive. The conclusions
that can be drawn from this table are as follows:

.  Time

The t imes to ini t iate processing vary signi f icant ly due to faci l i ty and equipment
avai labi l i ty.  Those al ternat ives whjch use systems and equipment current ly instal led
or being instal led can be ini t iated in 0 to 6 months, whi ' le those al ternat ives requir ing
new faci l i t ies or hardware take a mininum of 3 3rr:ars.

The implementat ion t imes to process 100,000 gal lcns vary from 1 week tc 4 months with
most al ternat ives in the 1- to 3-month range. The ion exchange techniques require the
least t ime for implementat ion.

. l,lorker Exposure

For comparison purposes, i t  was assumed that wcrker exposure was based on processing
the RB sump water.  As shown, direct immobi l izat ion1eads to maximum exposure, 16 person-
rem per 100,000 gal lons of water processed (see Table 7.2L') .

The estimated exposures for the other alternatives are l;wer than the exposure for
direct sol idi f icat jon and roughly comparable to one another.

Number of MPCs in Eff luent

The al lowable Maximum Permissible Concentrat ions ( l . lPC) in 10 CFR Part 20 are based on
the relat ive toxjci ty of radionucl ides released to ei ther air  or water and provide a
measure of the processing performance for a part icular al tennat ' ive. Thus, the number
of MPC's in l i {uid eff luents are a measure of relat ' ive toxici ty among the var jous
alternatjves. As shown, systems which process RB sump and primary system water on a
once through basis and do not recycle or po' l ish the eff luent with a second system or
technique, have MPC values as much as two orders of magnitude higher than.cther treat-
ment ai ternat ives. The highest l4PC values correspond to those al ternat ives vlhich
exhibi t  the poorest relat ive processing performance. As shown in Table 7.21, the
estimated processing performance of EPICOR II for primary system water compares favorably
with the most effect ive zeol j te-based treatnrent systems ( i .e. ,  zeol i te/EPIC0R II  and
SDS/EPICOR II)  and exhibi ts better performance than the remaining zeol i te-based treatment
systems, including the modif ied EPIC0R II .  However,  i t  should be noted that the pre-
dicted performance of EPIC0R II  is baseci on the operat ing performance of the system to
date. The predicted performance of the zeol i te-based systems is based, in part ,  on
conservat ively est imated decontaminat ion factors for those system components for whjch
there is no si te operat ing experience.

Costs

Treatment costs wene summarized in Sect ion 7.1.6 and waste disposa' l  costs are summarized
in  Sec t ion  9 ,  w i th  the  bas is  fo r  a l l  es t imates  presented  in  Append ix  K .

7.2 DISPOSAL OF PROCESSED WATER

Processed water is the l iquid eff luent ar is ing from treatment of AFHB accident water,  RB sump
water,  and RCS primary system water.  I t  is dist inqu' ished from other contaminated water by i ts
tr i t ium content.  About 743,000 gal lons of this water are in storage, and another 796,000 gal lons
wi l l  ar ise from future treatrnent of RB r;ump and pr imary system water.  This sect ion discusses the
alternat ives considered for disposit ion of processed water and thejr  impacts. In general ,  where
disposal al ternat ives nesult  in l iquid and gaseous- eff luents to the envjronment,  the radionucl ide
distr ibut ions provided in the source term tables in this sect ion account for greater than 95% of
the calculated offs i te doses.
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7.2.l  Current status and Projected Water Dtsposal RequireJRentS          t

The current status of processed water and the amounts that may be generated for disPosal are
described below.

7.2.1.l  Curront Status

As descrSbed in Sectton 7.1.1, 743,000 gallons of pFOCeSSed AFHB accSdent water are in storage on
the site.  This water 宅 Ontains about 360 Ct of trittum (H'3)plus abOut O.8 Ci of ccsittm; charac―
ter:sticS of the water were given Sn Table 7.3.3

‖挽:iCi景号留le i、a:::1 881id]景gigu紺
｀
81 ti:a松:8: ittSt景:(景とaどill ::古|:景せ :9s[[品

C:景isile i:岳:‖:‖:
the trittun concentraticn wヽ 1l not be changed by whatever water treatment alternative ts selected
unless clean water ts added.  The current tr村 ttum ttnvento,y in the plant 15 aS f01lowsi

AFH8).  About 360 Ci of tritium in 743,000 gallon5 0f Water
an average un concen on of O.13 PCf/mL.

Untreated Reactor Building Sump l{ater. About 2520 Ci of tritium in 700,000 gallo'ts of accident
rat ion of 0.95 pCi/mL.

Untreated RCS Hater. About 30 Ci of tritium in 95,000 gallons of water with an average tritium
ff i8uci /rnL.

The processed water available from these three sources is about 1,540,000 gallons containing
about 2,910 curies of t r i t ium plus trace quant i t ies of other radionucl ides. This amount of
tr i t ium is the maxi i lun that wi l l  be avai lable in processed water.  Unavoidable in- leakage and
cross contamination of water sources might increase the volume of water available for disposal
and thereby reduce concentrations of tritium by dilution.

7.2.L.2 Projected lfater Disposal Requirements

As described above, a minimum of 1,540,000 gal lons of processed water wi l l  be avai lable for
disposal. The characteristics of the processed AFHB water are known since this water has already
beeh processed through EPIC0R-II. The characteristics of the prccessed water arising fr'om treat-
ment bf RB sump water and RCS primary systen water are not known since they wili depend on the
treatment systdm(s) used. However, the tritium content of this untreated water will not change
during treatment, so the current tritium inventory of 2,910 curies represents a maximum. Reuse
of processed water and other activities could reduce this tritium inventory due to evaporation
losses. Table7.22 surmarizes these potent ial .  losses and the act iv i t ies that lead to them.
However, for the purposes of evaluating alternative methods of processed water disposition and
their impacts, the maximum tritium inventory of 2,9L0 cu:'ies was used. If +-he losses shown in
Table 7.22 are experienced, then the impacts due to tr i t ium releases wi l l  be proport ionately
lower than those presented in succeeding sections. Reuse of processed water is discussed in
detaSl in Appendix F.

The volume of 1,540,000 gal lons of processed water is a minimum and cou' ld increase by 10 to
20 percent.  This i icrease could be due to in- leakage into the reactor bui lding, addit ion of
clebn water used for decontaminat ion to the reactor bui ' id ing sump artd commingl ing of c lean water
with orocessed water.  NRC has directed the l icensee to minimize the volume of accident related
water.2l  Any such volume increases would merely di lute the concentrat ions of t r i t ium and other
contaminants-in the AFHB water and the wat,er to be processed. To ensure that release impacts are
assessed under worst-case condit ions, the discussions that fol low are based on this mjnjmum
volume of 1,540,000 gal lons.

The characteristics of treated reactor building sump water and RCS primary system water will
depend on the treatrnent syster:r(s) selecteol !g process this v+ater. The alternatives being consid-
erbd were discussed in Sict ion 7.1.3. St,af f  est imates of the qual i ty of processed water that
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Table 7.22.  I::キ
iは]ti苫景:8r:|:,St常:景

S::cfiili[:teniial Reuie

Appl ication lJater Vol ume
Tri::甘mR:!をとial

1.

2.

3.

4.

Shielding of ion
exchange system
in spent fuel  pool

Use in SFPs and FTC
during defuel ing

Use to shield spent fuel
and waste in SFPs after
defuel i ng

Loss from reactor build-
ing sump prior to
Drocessed

230,000 gallons
of processed AFHB

l,040,000 gallons
of processed water

690,000 gallons
of processed water

700,000 gallons
of unprocessed
reactor building
water

50 CS/yr

500 Ct/yr

300 Ci/yr

500 Cilyrb

aSee Appendix F for discussion of reuse appl icat ions.
bConservat ive est imate see Sect ion 5.2.4.L.
cRate wi l l  decrease exponent ial ly with t ime.

would arise from imp'lementation of various alternatives for treatment of RB sump waten are. pre-
sented in Table G.15 of Appendix G and those for RCS (primary system) water are presented in
Table G.20 of Appendix G.

To bound the concentrations of radionuclides in the processed water to be disposed of, the best-
and worst-case treatment systems, were identified from these tab'les and used to characterize
piocJsseO reactor building-and RCS water.- The system.which pt"oduced effluent with the lowest
toncentrations of contami-nants without significa-ntly delavi:ii cleanup, uas the SDS/EPIC0R II
a1iernative. The other system which produled effluint with ts"he hi-ghest concentrations of con-
iaminints, was the SDS altlernative. The characteristics of the effluents arising from the use of
these t,'eitment systems were combined with those of the stored AFHB water !q Cryyi9g bounding
cises for process6d water. Table 7.23 shows the best-case conditions with SOS/EPIC0R II system
treatment. '  The worst-case condit ions, based on the SDS alternat ive, are shown in Table 7.24.

For purposes of this analysis,  ' i t  has been conserva_t ively assumed that,  for. these two condit ' ions,
al l  

'p iotessed 
water wi l l -eveitual ly be d' isposed of _and.wi l l  not be neused regar-d1e-ss of the.

iutuie disposit ion of the faci l i ty.-  In the-event water is retained in. the spent fuel-poo1s_after
aeiuei ing ind this water is lef t  in place, the volumes would be reduced by about 690,000 gal lons.

7.2.2 Alternat ive l . lethods Considet 'ed

Disposal al ternat ives were evaluated on the basis of the bounding condit ions for radionucl ide
. inE"^t"" t i* i  g ir"n in Sect ion 7.2.I .  ten mqigl  al ternat ives have been considercd.fon disposi-
i ion of processld * i ter.  As shown in Figure 7.10, these al ternat ives can be grouped as fol lows:

. Long-Term, Onsite Storage
- In l iquid storage tanks
- Sol idi f ied as cement slabs

. Onsite DjrPosal
-  As sol idi f ied low-level waste in shal low land burial  t renches
-  As  bu lk  l iqu id  us ing  an  underground in jec t ion  we l1 .
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Table 7.23.  Radionucllde lnventory ―  Processed Water

Blst Case L ,DS(i号
iCOR II Treatment

AFMBa water       Rea岳 i品:bB常:iding         PrimaryCしer         System Water            TOtald

Radttonuclide   (743,000 gallons)   (700,000 ga1lons)    〔96,OOn gミ11。曇害〉   く1,548,003 0こllon3)

H-3

Cs‐137

Cs-134

Sr。90

Sr-89

Ru‐106

Sb-125

Te-127m

Ce口144

3.6 X 10芝

15。7 X 10。 1

12.5 X 10‐ 1

NDe

ND

(2.l X 10‐ 2

(1.7 X 10‐ 2

ND

く1.8 X 10‐ 2

2.5 X 103

4.7 X 10‐ 7

6.6 X 10‐ 8

4.l X 10‐ 5

1.l X 10‐ 6

3.9 X 10‐ 3

5。3 X 10‐2

1.3 X 10-3

2.5 X 10。 4

2.7 X 101

9.9 X 10-9

1.5 X 10-9

4.6 X 10-5

4.8 X 10-6

1.7 X 10-2

1.4 X 10-3

l   X 10‐ 1

5   X 10‐ 3

2.9 X 103

5,7 X 10‐ 1

2.5 X 10‐ 1

8.7 X 10-5

5.9 X 10-6

4.2 X 10-2

7.l X 10-2

l   X 10‐ 1

2.3 X 10‐ 2

aFnom Table F.1.
bFrom Table G.19.
cFrom Table G.20.
dRounded to two significant figures.
€"N0" means not detectable.

Table 7.24. Radionucl ide Inventory -  Processed Water
l{orst Case - SDS Treatment

(ci  1

AF‖Ba water

Radionuclide   (743,000 gallons)

Rea鎌
需ibB常:1:ing

(700,000 gallons)

Primaryc
System Water

(96 ,000 ga l  lons)
Total d

( 1 , 5 4 0 , 0 0 0  g a l i o n s )

H‐3

Cs‐137

Cs-134

Sr-90

Sr‐89

Ru。106

Sb‐125

Te‐127m

Ce‐144

3.6 X 102

5。7 X 10-1

2.5 × 10。1

NDe

ND

く2.l X 10‐ 2

く1.7 X 10-2

ND

(1.8 X 10‐ 2

2.5 X 103

4 . 3

6.6 X 10-1

4 . 1

1.l X 10。1

3 . 9

53

0 . 7

0.25

2,7 X 101

9,9 X 10tb2

1,5 X 10‐2

4 . 6

0,48

17

1 , 4

50

5 . 0

2.9 × 103

5 . 0

9.3 X 10-1

8 . 7

0 . 6

21

54

51

5 。3

aFrom Tab le  F . l .
bFrom Table G.19.
cFrom Tab le  G.20.
dRounded to two signi f icant f igures.
€t'i lD" means not detectable.
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・  D16charge to the Envlronment      i ‐

。 Contr11led release to the Susquehanna Rttver
― Controlled releasc to alr Vla natural evaPoration
S COntFollこd release to atl via folceo eヤapOration.

EvaluatSlns for these alternatives are presented below.
!   !        1 ‐

‐   | !           : 1       丁 :  「     ‐

7:2.2.1  とOng~Terln, Onsite Stcra。●

言ギ野脳温n端毛器誕鮮曇母増
a既
ポ艦 電艦器岩r隆辞鮮主孫畦鴇出縛

5

Since beta radiatギon does not penetrate the tanksl品l'[‖eil』需』‖どl号』||どどtiifffませ|。掃ど貨甘活者f‖どlii猛。t
:e盟奨博

13]t:‖rilgc:1獣ig吊。ild i:teirとi:lidtR: 予:::d。「
°
」路tilttWittetReilleキ;:i岳:常モ

°
ly°i村:‖岳s,:骨「

Storage as Bulk Lttquid

瀞譜電薔帆演 冊絲
   ァ 錯:,

離端鑑翻 母期翻
not consider this a satisfactory 81ternatiVe.                     ,

Two outside processed water storage tanks wSth a capacity of 500,000 gallons each have been con‐
structed.

A crlterlon for StOrage of processed accldent water in these tanks ls that the content of radio―

謡 転て罫ヨ 挙紳 群緊 ギ
茸掛 ざWtt W盟 縄 縄 砧猟

ucl月des as a function of actual tank volume.  In

鵬討に軒愉e assumpjtt used by tte服式ポfttathttS鮒暗糾掛絆翠桃騰ぷぱ
成

Section 7.2.4.2.

ilnf増甘捕ギ服 認発辞帯恥培岩打器皆瑞描
St°rage of raいoaCtiViw in an Outttde storage

re:

Σ
緑

≦ 1

where:

Ci 〓 岳:!:「
ni千忌:i:n(sli;(岩|)I:fail; ith nuclide at the nearest downstrean drinking
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l{PGi = maximum permissible concentration (10 CFR Part 20, Table II, Co1. 2 - ltCi/nL)

The concentration at the nearest drinking water intake (Ci, pCi/mL) is determined by:

" .  _  (0.5)  A i  _  Ai'' -1a-- - 6ffiF

where:

Q = minimum river flow rate to overtop Red Hill Dam (15,000 ft3lsec)

At = release period (2 hours)

Ai = tank activity pnior to rupture (Curies)

0.5 = fract ion of the tank volume that discharges to the r iver

6.4 x 106 is a constant (Ci lUCi/mL)

Combining these two equations yields the
cr i ter ion:

:  # t  s 5 ' 4 x 1 0 6

Thus, the quant i ty (Curies) of each radionucl ide in the storage tank wi l l  be considered in assur-
ing that a tank fai lure would not result  in greater than 10 CFR Part 20 concentrat ions at the
nearest dr inking water supply intake (see Sect ion 7.2.4.2).

At present,  743,000 gal lons of AFHB water are stored in tanks within the plant.  Hhen avai lable,
the' two PWSTs wi ' l l  prtv ide an addit ional 1 mi l l ion ga' l lons of storage capacity for a- total  minimum
onsite storage capdcity of about 1.75 mj l l ion gal lons. Ttr is capacity exceeds the minimum volume
of about 1.54 mi l l ion gal lons. This excludes storage of some of this water in the spent_fuel
poo' ls.  I f  processed AFHB water is used to shield 6n SDS type system in the spent fuel  pool,  the
storage capacity wi l l  increase to about 2 mi i l ion gal lons.

These storage tanks can be used for relatively long-term storage, 15 to 25 years or until a
decision on-disposal of  the processed water is made. Fol lowing any such jnter im-storage, the
pnocessed water wi l l  have to 'be permanently disposed of,  and some of the al ternat ives discussed
in this sect ion wi l l  have to be donsidered. Therefore, whi le bulk l iquid storage for per iods up
to about 25 years is pract icable, ' i t  merely defers the ul t imate dispos' i t ion of the water and
thus, is not considered further as a disposal opt ion.

Storage As Cement Blocks

Under this al ternat ive, the processed water would be mixed with cement to form relat ively large
blocks. To character ize this al ternat ive, i t  was assumed that the blocks would be rectangles
(5'  x 5 '  x 10')  containing 1500 ral lons of processed water and weighing 40,090 pounds. Abou-t  950
b locks  wou ld  be  requ i red- to  imn:b i l i ze  1 ,540,000 ga l lons  o f  water .  Each b lock  wou ld  requ i re
about 190 f t2 of sJrface area for storage with inspect ion aisles between blocks. Thus, these
blocks would occupy a maximum of about {  acres of land i f  stored one layer on1y.

These cement blocks would immobi l ize the water,  and when coated with asphalt  or other weather-
resistant mater ial ,  they could be stonerd outside for relat ively long periods. Fol lowing such
storage, they could be ihipped offs i te l ;o a radjoact ive waste disposal faci l i ty.

A port ion of the tr i t ium would he released tg lhe atmosphere during immobi l izat ion. Addjt ional ly '
thb use of cement does not permanently immobilize the tritium" Recent work by Monsanto indic_ates
that wjth simi lar mixtures'of cement and tr i t iates, di f fusion through the concrete leads to loss
of tr i t ium in re1at ively short  t ime peri iods.

Storage of processed accident water fol  relat ively long periods is- 1.  pract icable al ternat ive
which-would'permit  defenal of  a decision on ul t jmate disposit ion of-  t -he. water.  Sjnce immobi l iza-
t ion  o f  the 'p rocessed water  jn to  cement  b locks  wou ld  min imize  f lex ib i l i t y  re la t i ve  to  u l t imate
d ispos i t ion , ' in te r im s to rage as  bu lk  l iqu id  seems pre ferab le .

I

l imit ing storage requirement expressed in the above

ノ

_-*_.--_-_.__../a,
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7,212.2  0hslte DisP6sal

Underi this alt■rnative, the site would be used as a permanent disposal factlity for processed
wa,lriih eithe, liquid or solid form.

For disposal in sol id form, shal low land burial  t renches would be constructed to dispose of
ei ther cement blocks (see Sect ion7.2.2,1) or processed water immobi l ized in cement and packaged
in drums. 0nsite dispos:f  in l iquid form woul i l  involve construct ion of a Class I  deep inject ion
wel'l and injection of tne pnocessed water into the well as a means of permanent disposal- There
are regulatory obstacles to iniplementation of both these alternatives. The deep injection weli
would reguire an EPA permit  and may also be subjected to NRC l icensing. An onsite shal low land
burial ,  faci l i ty would also be subject to NRC l icensing. l r loreover,  implementat ion of these al ter-
natives would convert the site into a permanent repository for low-level radioactive waste--an
unacceptable condition since the staff has consistent'ly committed to not converting the site to a
permanent repository. Therefore, these alternatives are not considered further.

7 .2 .2 .3  Sh ipment  Of fs i te  fo r  0 isposa l

Under this al ternat ive, processed yater would be packaged in sol id or bulk l iquid form and trans-
ported off  the p' lant s i te.  I f  t ransported offs i te in sol id fonn, the mater ial  could be disposed
of at a l icensed, low-leve1 radioact ive waste disposal faci l i ty.  I f  t ransported offs i te as a
bu' lk l iquid, the water could be pi .ocessed at another faci i i 'cy,  and then disposed of in a deep
inject ion wel l  or in the ocean. Any of the other al ternat ives described below could a1so be
implemented offs i te.

7 .2 .2 .4  D ischarges  to  the  Env i ronment .

Three of the alternatives considered would discharge processed water to the environs under con-
trol led condit ions: (1) release of l iquids to the r iver,  (2) release of vapor to the atmosphere
via natural evaporation, and (3) release of vapor to the atmosphere via forced evaporation combined
with a part ial  release of l iquids to the r iver.

0ischarge to the Susqu

Under this al tennat ive, processed water would be sampled, analyzed, and discharged under control-
led condit ions to the Susquehanna River in accondance with the plant Technical  Specif icat ions
which implement 10 CFR Part 20 and Appendix I criteria.

Natural Evaporation Pond

Under this al ternat ive, processed water would be placed in a l ined pond. Local c l imatologica' l
condit ions wi l l  evaporate the water,  and vapor containing tr i t ium wi l l  be released to the atmos-
phere reducing the tr  i t ium caneentrat ion in the pond. Water losses due to evaporat ion are assumed
to be offset by rainfa' | l  so there wi l l  be no net loss of pond water volume.

Forced Evaporation

The natural pond evaporation technique described above could be improved by heating the water
entering the ponds. A spray system would also improve evaporation rates from the ponds. These
procedures may result  :n a fog over the pond and r iver channels adjacent to the is land. They
would also have to be controlled to prevent worker exposures in areas contiguous to the ponds
above 10 CFR Part 20 guidel ines. Thus, this al ternat ive was not evaluated in depth.

Another method of forced evaporat ion involves the use of the Unit  2 service water cool ing tower.
The mechanical  draft  service water cool ing tower is a three-cel l  uni t  with a recirculat ion rate
of about 19,000 gpm. I ts use would provide a control led method of s imultaneously rele;rsing
processed water to the air via the cooling tower vapor and to the river via coolilg- tower. blowdown.
iJse of this approach would produce fog and a smal l  amount of dr i f t ,  both containing tr i t ium.
This could be ni inimized by operat ing only during favorable meteorological  condit ions.

7 .2 .3  Deta i l s  o f  A l te rna t ive  Methods

Detai ls of the al ternat ives considered pract icable from a technical  and regulatory standpo' int  are
presented below. No decision has been made concerning the method that wj l ' l  be used to d' ispose of
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:::ie8号景」キ】早'er, ald lⅢe ,lterT'tギVes d.scribed b●low may be used ,ingly or in combinatiOn w打th

7t2.o.1!‐TIⅢⅢ9,。,t Off91te as Solld

甘l,:itき'18 :118il号とiとi'ti」ieW忌1:;。晋:11早a:♀lf堺!bうlSZed with cement, packaged, and transportedTo characterize this alternative, the staff

8,'|‖掃:bil]:さ:httat::,F T。甲1' be p,CkPヨ|! '' 55「gall°n drumsj with each dru市 lontainlng 30 gallons

t::|:IS:.:::uギ‖』rgtざ名格出R」la苫吊dt:。|:1::i:tSモ‖をt需:c8:::l,esil有:キli:li48ini:と1lit![s12 景: :骨 晋9:i:3e
throughput of 4 drt3m, per hour, or 9ti druns per day, about 18 市 onths woじld be requ村red to paCklge
the 51,300 drums.  This Ss basOd on tⅢ peratton 24 hours a day, seven days a week.

There are no technttcal or Federal regulatory obstacles to implementing this alternatキ ャe.  There
are, howevsr, ,Otential State restri、itions on the use of low-level waste disPosal fattilities to

::岳:t;岳1°th辞le構捉将
・
i認捕urSt品紺鮮燃 補W桃掛絆培離と[景:F::肝岳'酬]rfttle

used for other radioactive waste.

7。2.3.2  Transport Offsttte as Bulk Liqu肯 d

under thtts alternatttve, processed accギident water would be packaged as bulk llquttd in tank trucks
and transported away fron the sSte.  It could then btt dis,osed of in a deep inseCこモon well,
Packaged for ocean disPosal, or released at ancther location.

Current Federal regulations do nct prohibit bulk llquid shipments of tritisted water.  Under the

:S合と|,言init:♀1景i:] :] ::景 品:tとr子:i.tr31:と‖ ]す`様i tn aqueous solution with concentrations up toR Part 173.392, bulk lヽ quギds may be transported
in tank trucks provSded the concentratヽ ons are less than 10 percent of the LSA concentrations.

千:草ittu詳帯札札滸L津ば鰍融格ボ柑瑞をlilttr甘品鶏靴翼婚智糾冴s芋OiSSni:♀殊:!瑞ユだ培情描ts
寺;:対

ul:d18常
『c品ギ督性辞鎌梅n描]岳,8ri封絲目昭鳴吼縄ゴ恥描だ私a」騨私塩品―

ii宅lilttg晋♀i8n略辞補辞1。締
R謎
:廿t°fド輸

r ttth tte mattmum研苗um levtt of帆95「研/mL
)ut 16 cur:es of trlttum per truck.  For the

S】8r:R♀pttg‖:gl解付甘召
〕
Sefel古早』F神堵たH錦。ittil」】 1料尉浩骨!首aliin:!uCk Will be about 8 Ci.  About

Two alternatives were consSdered for dispositSon of the water after removal from the site.  One
alternative involves disPosal in a deep lnsecttOn well.  Commerctal insectiOn wells used for
disPosal of hazardous waste are in operation ln 25 states,  These hazardous chemical wastes
include solutions contaitBttng heavy metais, organic compounds, 3ad peSticides.

Shipment of bulk liquids to a deep insectiOn well or tc a fac1lity whttCh prepares the processed
water for ocean disposal Ss practical.  Moreover, since t「llnobillzation with cement and packaging
in drums would negate the potential for use of a deep injectioP3 well and possibly for ocean
disposal, alternatives which involve bulk transPort of lヽquids are preferred.  However, transporta―
tion from the site is merely the inltial step toward ultimate dispositうon of the processed water.
Disposal through use of a deep injection well or burial at sea both involve solvSng POtential
regulatory problems in relatively new fieldt, of reg、 1lated activittes.

DisPosal of hazardous and radioactive wast〔 : in deep wells ts regutated by the EPA through its
undergrOund lnseCtiOn Control (UIC) Prograri under tれ e Safe DrinkirFg water Act.  This program is
still evolving.  Technical criterta and stiandards are contained ヽ n 40 CFR Part 146s proposed

procedural requtrements for State UIC permit programs are contattned in 40 CFR Part 122; prOcedures
for approving State programs in 40 CFR Part 123; anば  procedures for issuing state per・ mits in
40 CFR Part 124.  Within these regulations, Class l wells are those used to inject industrtal,
nuclear, attd municipal wastes beneath the deepest stratum contattning an underground drinking
water source.  These wells would be regulatod by the State in which they are located and would be
regulated by the State authority responslble for groundwater quallty,  Httstorヽ cally these wells
have not been used for d:sPosal of nuclear lwastes and a special permキ t would have to be obtained

to use such a well for the processed water fron TMI‐ 2.  There is no certatnty that a cognヽ zant
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State authority would grant a permit to dispose of processed TMI-2 accident water through a
Class I  wel l  within i ts bor-ders

Similar regulatory obstacles uould also have to be overcome to dispose of the processed water in
ithe ocean. The regulations governing ocean dumping were promulgated under Title I of the l' larine
Protection Research and Sanctuaries Act (L972) and are currently found in 40 CFR Part 220 (EPA
1!180). Under these regulations, a statement of the need for the proposed dumping and evaluation
of al ternat ive means of disposal,  t reatment,  or recycle of the mater ial  must be included. A1so,
an assessment of the anticipated environmental impacts must be part of the application. This
could require several years of effort.

Ln addition, under EPA's proposed regulations the tritiated water would have to be packageil in
containers which would retain their integrity until radiodecay reduced the act'ivity to "environ-
mental ly innocuous" levels.  Sat isfying this container cr i terr-a could also mit igate against this
alternative dependent on what level of tritium activity is deemed innocuous in an ocean envjronment.
Previous'ocean disposal pract ices trould permit  immobi l iz ing the l iquid and packaging j t  in drums.
Since these practices have been banned, some higher standard of packaging, as yet undefined is
anticipated by the proposed regulations.

Therefore, although there are no regulatory obstacles to transporting the tritiated water off the
si te,  there are potent ial  regulatory obstacles to i ts disposit ion in ei ther a deep inject ion wel l
or the ocean, which make this opt ion undesirable.

7.2.3.3 Diseharge to the Susquehanna River

The release of water to the r iver is present ly prohibi ted by the Commission's statement of May 25,
1979, the City of Lancaster Litigation Sett'lement Agreement, and the NRC Staff 0rder of February 11,
1980.

Cri ter ia governing potent ial  discharge of processed water to the r iver include; (1) 10 CFR Part 50
Appendix I  cr i ter ia for of fs i te radiological  exposure, (2) Clean Water Act cr i ter ia related to
EPA's Primary Drinking l{ater Standards, (3) the plant 's NPDES permit  l imitat jons for non-nuclear
discharges to surface waters, (4) State and local ordinances governing po'i 'pt source discharges to
the river, and (5) the requirements of 10 CFR Part 20.

In the event this al ternat ive is pursued, specif icat ions for radionucl ide Ievels and for nonradio-
act ive chemicals would have to be considered.

o Nonradioactive Chemical Constraints

Releases to the r iver are control led by the plant 's Nat ional Pol lut ion Disharge El iminat ion
System (NPDES) permit. This permit limits the pH to between 5 and 9 and the average boron concen-
trat ion at the discharge point to 0.7 ppm.

" Radionucl ide Concentr

For release to the r iver,  the radionucl ide concentrat ions in l iquid eff luents must be di luted to
levels at the discharge point which are below 10 CFR Part 20 release l jmits for the specif ic
radionucl ides in the processed water.  Another set of  cr i ter ja are EPA's Primary Drinking Water
Standards, which must not be exceeded at a drinking water intake downstream from the discharge
point.  Addit ional ly,  the dose design object ives of Appendix I  of  1.0 CFR Part 50 must be met.

Processed water discharged to the river is mixed with service water cooling tower b'lowdown. The
cool ing tower blowdown i low is 38,000 gpm, but current technical  specif ic l t ions l imit  the f low
avai lable for di lut ion to 9C percent of this value, or about 34,000 gpm. Thus, processed water
discharged at I  gpm can be di luted by a factor of 34,000. A change in 'uhe Technical  Specif i -
cat ions could incnease this di lut ion f low to 140,000 gpm.

To consider discharges of the processed w,ater shown in Table 7.25 a discharge rate of 10 gpm was
selected. This discharge rate' leads to a di lut ion factor of 3,400. At a cort inuous discharge_of
10 gpm, the inventory of 1,540,000 gal lons.would require a releas-e period of.about 110.days..  I f
the- 'prbcessed water is borated for defue' l ing and is discharged' in the borated condjt- ion, the
boron concentrat ion l imitat ion in the Nf 'DES permit  wi l l  reduce this discharge rate. lJhen
1,040,000 gal lons of water borated to 3,650 ppm is mi le_{yi th-the other processed water,  a di lu-
t ion factoi  of  about 3,500 is required to sat isfy the NPOES l imit .
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Since up' to 140,000 gpm of di lut ion water is avai lable, discharge rates can be var ied to sat isfy
L0 CFR Pant 20 release l imits at the discharge point,  Pr imary Drinking Water Standards at a
downstream uptake for dr inking water,  and th;NPbES l imits.  i t re Oi lut ion factor that sat isf ies
the most l imit ing of these cr i ter ia wi l l  be used i f  this al ternat ive is implemented.

7.2.3.4 Natural  Evaporat ion from Ponds .  t . :

The cl imatological  condit ions at the T1{I-2 si te are not conducive to natural  evaporat ion as a
means of reducing processed water volumes because the evaporation rates are equivalent to the
amount of rainfal'l the area receives. l{atural evaporation can, however, reduce the tritium
content of processed water which is ponded due to the losses of tritiated water vapor and the
add i t ion  o f  ra in fa l l .

To character ize this al ternat ive, the staff  assumed an evaporat ion pond with a capacity of 2.5 mi l-
l ion gal lons and a surface area of 60,000 f t2.  To assess this al ternat ive the fol lowing cr i tenia
wene establ ished:

Cri ter ion 1 -  0f fs i te doses due to airborne tr j t ium releases from the pond sha1l conform to
levelf f i istent with Appendix I  guidel ines.

Cri ter ion 2 -  The airborne concentrat ions for t r i t ium above the pond shal l  be less than
]ffils Tn-I0 CFR Part 20 Appendix B for occupat'ional personnel (5'x 16-o pCilml).

Cri ter ion 3 -  The processed water shal l  be retained in the pond at least unt i l  the concen-
ffi 't ions of tritiuir a:"e equiva'lent to those which naturally bccur in the Susquehanna River -
200 pCi/L to 400 pCi/L.

The methodology used to considen the natural  evaporat ion al tennat ive is presented in Appendix S.
The condit ions which sat isfy the above cr i ter ia and also bound (1) tr i t ium release rates to the
atmosphere, (2) expo;ure to onsite workers, and (3) t ime frames to achieve tr i t ium concentrat ions
comparable to those in the r iven are def ined in that appendix.  These condit ions are summarized
below.

Under the assumed worst case condit ions for of fs i te atmospheric releases of t r i t ' ium (maximum
evaporat ion rates -  see S.2 of Appendix S),  80 percent of the tr i t ium is released in 3 to 6 months
after the processed water is p ' laced in the pond. Maximum release rates are attained when ponding
is started in Ju1y. Minimum release rates are attained when ponding is started in January. In
both cases, essent ial ly the ent ire inventory of about 2900 Ci of t r i t ium is released to the
atmosphere during the first year.

Under the assumed worst-case condit ions for occupat ional exposure (stat ic condit ions above the
pond, see S.3 of Appendix S) ponding of 0.5 pCi/ml water in July may not be acceptable. For the
average relat ive humidi ty during this month, the tr i t ium concentrat jons jn the ponded water must
be maintained below 0.35 pCi/ml to insure that airborne concentrat ions of t r i t jum above the pond
are acceptable for restr icted use. An extreme worst-case cl imatological  condit ion is nepresented
by several  90oF days with 90 percent relat ive humidi ty.  Under these condit ions, the ponded water
tr i t ium concentrat ion must be majntained below 0.17 pCi/mL.

Operat ing pract ices can avoid these condit ions. The 1,540,000 gal lons of p-ocessed water can be
ponded during the winter months and the exchange between tritiated pond water and untritiated
precipi tat ion wi l l  reduce the leve. l  below 0.L7 l tCi/nL before the worst-case summer month of Ju1y.
I f  this is not pract icable, processed water can be dj ' luted to reduce the average concent.rat ion
during the f i rst  July below 0.17 pCi/mt. .  In both cases, tr i t ium concentrat ions jn the pond can
be control led to maintain airborne concentrat ions below 10 CFR Part 20 Appendix B occupat ional
exposune l imits for restr icted use under poor cl imatological  condit ions.

The t ime frames to achieve tr i t ium concentrat ions in the 200 to 400 pCi/L nange were determined
under maximum and minimum evaDoret ion rate condit ions. Under maximum evaporat ion rate condit ' ionunder mattmum and耐 市mum evapor岳 村on mte cm付 甘oは Under mattmum e洛
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rcase One in ADDendiX S〕 . tritium conctlntrations aDprOaCh these levels(case one in Appendix S),
the  oond is  f i l l ed  to  car

concerntrat ions approach these levels in 1L to 2 years. When
the pond is  f j l l ed  to  capac i ty  (2 .5  mi ' l1 ion  ga l lons)  these leve ls  a re  a t ta ined in  about  3  to
5 years.

White the tr i t ium concentrat ion reduct i , rn that takes place due to evaporat ion of t r i t iated water
and di lut ion with precipi tat ion is ratherr rapid, the concentrat ions of other radionucl ides in the
pond water would remain essent jal ly unchanged. Thjs does not present a prob' lem for processed
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accident'water with characteristics similar to those represented by the SDS/EPIC0R II treatment
case., However, the relatively large inventory of cesidm, strontiim, and antimony present in
processed accident water with characteristics similar to those represented by the SDS treatment
case could be a problen because these radionuclides would settle to the bottom of the pond and be
'retained in the sediment. Therefore, the type and quality of radionuclides other than tritium
should be considened i,f: the evaporation alternative ii implemented.

In surmary, evaporation of accident water from a natural evaporation pond will substantially
reduce tr i t ium concentrat ions over relat ively short  t ime peridds and is considered a pract icable
alternative when coupled with retention of the ponded water until tritium concentrations approach
natural  levels.

7.2.3.5 Forced Evaporat ion Through Cool ing Tower

Under this al ternat ive, processed waten would be evaporated using the mechanical  draft  service
water cool ing tower. Figure 7.11 presents,a simpl i f ied f low diagram for disposit ion of the
processed water using this al ternat ive. As shown, the act ion of the cool ing tower wi ' l l  lead to
the formation of water vapor containing tr i t ium. This tr i t iated vapor wi l l  be released to the
atmosphere. llost of the fission product contaminants in the processed water vJill remain iil the
concentrated cool ing tower blowdown, but a smal l  f ract ion of these contaminants in the cool ing
tower blowdown would be diluted to the extent required to satisfy 10 CFR Part 20 criteria prior
to discharge to the r iven. Typical ly 90 to 95 percent of the tr i t ium in the processed water is
released to the atmosphene, while the remainder is discharged with the blowdown. The reverse is
true for f ission product contaminants, in which 20 to 30 percent of the radionucl ides are released
to the atmosphere via the dr i f t  whi le 70 to 80 percent of the radjonucl ides are discharged with
the blowdown.

To evaluate this a' l ternat ive, the fol lowing assumptions relat ive to cool ing tower performance
were made.

o The pnocessed water feed rate to the tower wouid be 100 gpm.

o The evaporation rate would be 93 gpm and the drift rate would be 2 gpm.

o The air  f low would be 2.25 x 106 cfm.

o The blowdown rate would be 5 gpm.

Based on these assumptions, 95 percent of the processed water will be released to the atmosphere
in the form of vapor.  This vapor wi l ' l  contain about 95 percent of the tr i t ium, or iginal ly within
the processed water feed and about 30 percent of the fissjon product contaminants in the processed
water feed. The radionucl ides not released to the atmosphere wj l l  be present in the cool ing
tower blowdown in concentrated form. For the stated assumptions, the concentnation factor across
the cool ing tower is 14.3. Therefore the concentrat ions of radionucl ides in the cool ' ing tower
bloyldown will be 14.3 times these concentrations in the processed water feed. Based on current
technical  specif icat ions, up to 34,000 ga1' lons of c lean water would be avai lable to di lute the
blowdown. At a blowdown rate of 5 gpm, discharges to the rjver can be diluted by a factor of 6800.
With a change jn technical  specif icat ions, the water avai lable for di lut ion could be increased to
about 140,000 gpm without addit jonal faci l i t ies.

The cool ing tower would be operated jntermit tent ly under favorable meteorological  condit ions. At
the assumed feed rate of 100 gpm, about 260 hours of coo1'ing tower operat'ion are needed to process
the 1,54n,000 ga11on inventory. Re' leases would be made in accordance with the dose design objec-
t fves of Appendix I  to 10 CFR Pant 53 ancl the concentrat ion levels of 10 CFR Part 20.

7.2.4 Eff luents and Releases to the Environment

The nature and impacts of the re1eases that could arise from implementation of the processed-water
disposal al ternat ives discussed above arct summarized in this sect ion. Releases under both normal
and accident condit ions are discussed.
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Figure 7.11. Simpl i f led Process Diagram Forced Evaporat ion through Cool ing Tower'

7.2.4.l  Effluents and Releases from Norma1 0perations
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Radionucllde
conをと景モ予:骨号。nb

(HCS/mL)

Radionuc I ide
Inventory
(cur ies)

Average
Concentration^

After Di lut ion"
(rrCi/mL)

Htj3

Cs-137

Cs-134

Sr-90

Sr-89

R」-106

Sb-125

Te-127m

Ce。144

0.50

9.8 X 10-5

4.3 X 10-S

l.5 X 10。 8

1.O X 10-9

7.2 X 10-6

l x 10_5

1.7 X 10-5

3,9 X 10-6

2.9 X 103

5.7 X 10-1

2.5X 10。 I

8.7 X 10‐ 5

5.9 X 10‐ 6

4.2 X 10-2

7 X 10-2

l X 10-1

2.3 X 10-2

1.5 X 10-4

2.9 X 10-8

1.3 X 10-8

4.4 X 10‐ 12

2.9 X 10-13

2.l X 10-9

2.9 X 10-9

5 X 10-。

1.l X 10-9

aProcessed vater with average characteristics shown in TabIe 7.23.
bBased on volume of 1,540,000 gal lons.
cDilution factor of 3400 based on 10 gpm discharge.

Table 7.26.  Rel easew::stJ8a:普 S8村
:臼

anna River for the

Radonucl ide
conをとit景::ぅ。nb

(PCS/ml_)

Radionucl ' ide
Inventory
(cur i  es )

Average

A't:ieSii8ti:‖C
(PCi/mL)

H-3

Cs-137

Cs-134

Sr‐90

Sr‐89

Rは'106

Sb。125

Te-127m

Ce-144

atlate" ti.eated with S0S on once-through basis will have to be recycled to
achieve water quality accepll-able for discharge in accordance with
Appendix I  ef f luent technical  specif icat ions.

bBased on volume of 1,540,000 ga1' lons.
cDilution factor of 3400.

0.50

8.6 X 10‐ 4

1.6 X 10。 4

1.5 X 10… 3

l x 10… 4

3.6 X 10〔・3

9.3 X 10'3

8.8 X 10・・3

9.l X 10… 4

2.9 X 103

5

9.3 X 10-1

8 , 7

6 X 10-1

21

54

51

5 。3

1.5 X 10-4

2.5 X 10-7

4.7 X 10-8

4.4 X 10‐ 7

3 X 10-8

1.l X 10-6

2,7 X 10-6

2.6 X 10‐6

2.7 X 10-7
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Evaporation fron the Lined Ponds

The only efflueni of eoncern released during normal operations of the lined evaporation ponds
-gourd bL tritiated water vapcr. The amount-of tritiated effluent released_depends on varying
meteorological  condit ions, i .e.  t ime of ponding, and ini t ia l  concentrat ion of the water.  For the
case of J[ly ponding of 0:50 pCi/mL watei, appi6ximately 1300 Ci could evaporate.during the first
month, 700 Ci during August ind about 300 Ci during September. The remaining inventory vrou.ld
continue to be dilu-ted 

-by 
evaporation and precipitatioir. If January ponding of the water is

implemented, it would take ab6ut six months to release this same 2300 Ci. In either case' most
of' the tritiunr evaporates within the first year after ponding. The total tritium inventory. of
2910 curies would irltimately be evaporated over a peribd of several years, to a concentratiorr
level comparable to that in the Susquehanna River (200 to 400 pCill).

Forced Evap_oration in Cooling T

The assumptions presented in Sect ion 7.2.3.5 for cool ing tower performance were used to est imate
releases. '  Table-7.27 shows est imated radionucl ide releases to the atmosphere and the l iquid
releases via cool ing tower blowdown discharges. Ttre l iquid releases would have concentrat ions
14.3 times the effluent concentrations, and would be diluted with up to 34,000 gpm of water
before discharge to the river. Table 7.27 presents these releases for best- and worst-case
processed water effluents to the cooling tower.

The quantities of radionuclides shown would be released intermit-tently over 260 hours of cooling
tower operation during a 12- to 15-month period. The actual release rates would be dictated by
compliairr:e with levels which satisfy 10 CFR Part 20 criteria.

fable 7.27. Normal Releases from Cool ing Tower Evaporat ion
of Process bJater

Radi onuc'l ide

DestoCase lnfluent SDS/EPICOR II

2こ10

0.5′
( 0.25

8.7 X 10-5
5,9 X 10-6
7.l X 10-2
4.2 X 10-2

l X 10‐1

2.3 X 10-2

2910
5 . 0

9,3 X 10`・1

8 . 7

6 X 10。・1

54

21

51

5 . 3

‖-3

Cs-137
Cs-134

Sr。90
Sr。89
Sb-125
Ru。106
Te-127nt

Ce‐144

2710
0.16

く 0.07

2.5 X 10-5
1.7 X 10-6

2 X ■0-2

1.2 X 10。2

2.9 X 10-2
7 X 10-3

2710

1 . 4

2.7 × 10-1
2 . 5

1,7 X 10‐ 1

15。4

6 . 1

14.6
1 . 5

200
0.41

( 0。18

6.2 X 10-5

4.2 X 10-6
5。l X 10-2
3.0 × 10-2
7.l X 10-2
1.6 × 10-2

200
3 . 6

6.6 × 10-1

6 . 2
4.3 X 10-1

38.6

14.9
36。4
3 . 8

l{orst-Case Influent SDS a

H-3

Cs-137

Cs-134

Sr-90

Sr‐89

Sb‐125

Ru‐106

Te。127m

Ce-144

at{ater treated with SDS on ottce-through basis wil l have to be recycled
achieve water  qual i ty  accepl :able for  d ischarge in accordance wi th
Appendix I  e f f luent  technical  speci f icat ions.

bCan be d i lu ted as needed pr ior  to  re lease.
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7.2 .4 .2  Acc ident  Re leases

The worst-case accident arises due to rupture of an outside processed water storage tank con-
taining quant i t ies of residual radioact iv i ty at the upper l imit  of  the storage cr i ter ia discussed
in Sect ion 7.2.2.I .  For this evaluat ion a 500,000-gal lon water storage tank containing a com-
posite of processed AFHB water and RCS and reactor building sump water processed by the SDS
system is assumed to rupture and release its contents instantaneously.

tJaten from the tank would be partly absorbed into the ground and partly carried over several
hundred yards (approximately 250 meters) via the site surface drainage system to the flood control
faci l i ty1ocated along the east channel of  the is land. The water reaching the col lect ion basin
of the flood control facility would be prevented from entering the east channel of the river by a
mechanical  s luice gate which is normal ly closed. Even i f  the sluice gate was inadvertent ly lef t
in the open posit ion, i t  could be c ' losed relat ively quickly fol lowing a tank rupture. For the
purpose of this evaluat ion, however,  i t  was conservat ively assumed that hal f  of  the water fronl
the ruptured tank would enter the r iver through an open siuice gate and half  would be absorbed
into the ground.* Based on qual i tat ive considerat ion of the fol lowinr;  factors the processed
water (250.000 gal lons) is assumed to enter the r iver over a two hour period.

. The rate of spillage from the ruptured tank,

.  Physical  obstruct ions between the tank and col lect ion bas' in,

.  The volume of water in the tank at the t jme of the break,

.  The quant i ty of f resh water drainage from the si te (e.9.,  i f  rupture occr:rred during a
rai  nstorm).

A two-hour period is considered to be a lower, and therefore conservat ive, l imit  of  the t ime
period over which the r iver release would be expected to occur.

0nce the processed lJater entered the east channel it would be either carried downstream or reta'ined
behind Red Hi l l  Dam. The NRC staff  est imates that Red Hi l l  Dam would overtop at Susquehanna
River f low rates in excess of 15,000 f t3lsec. For the si tuat ion where the dam was not being
oventopped, the radioact ive contaminat ion would mix over a period of days with the bulk of the
water in the east channel.  (Drinking water is not taken from this source.) When the dam was
finally overtopped, the water would be carried downstream, but at a very low concentration as a
resu' l t  of  mixing with the r iver f ' low. For the si tuat ion where the east channel was f lowing and
overtopping the dam, contaminated water would be carried downstream as soon as it enters the
channe l .

The two nearest downstream drinking water intakes are the Brunner Is land electr ic stat ion, approxi-
mately 5 mi les from the si te,  and the Columbia intake, approximately 16 m' i les from the si te.  The
Brunner Is land intake, which is not a publ ic source of dr inking water,  is on the west side of the
r iver,  whereas the contaminated water would be released along the east s jde of the r iver.  There-
fore, the upper bound est imate of the concentrat ions of radionucl ides at this intake is determined
based on the assumption that the nadionucl ides become uniformly mixed over the cross sect ion of
the channel.  Longitudinal mixing, however,  would be unl ikely.

In order to est imate the maximum amount of radioact iv i ty which could be released to the r iver as
a  resu l t  o f  tank  rup ture  i t  i s  necessary  to  app ly  the  fo l low ing  c r i te r ion  d iscussed ' in  Sec-
t i o n  7 . 2 . 2 . L .

iThe radionucl ides in the processed watrrr  which is absorbed into the ground wi l l  not enter
the r iver for a year or more (see Apperirdix V).  The gradua' l  release of these nucl ides wi l l
resu l t  in  ins ign i f i can t  env i ronmenta l  impacts  ( i .e . ,  doses  wh ich  are  a  smal l  f rac t ion  o f
Appendix I to 10 CFR Part 50, and 10 CIFR Part 20).
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Specifically !.frit criterion requires the licensee to limit processed water storage tank content
such that i f  the tank is bneached, the fol lowing equat ion, is 'sat isf ied.

r i> f f i s r

whene

Ci = concentration (UQi/mL)_of the ith nuclide at the nearest downstream drinking water
intake (Brunner Is land)

l{PCi = maximun permissable concentrat ion (10 CFR Part 20, Table I I ,  Col.  2 -  yCi/nL).

The concentration at the nearest drinking water intake (Ci, pCi/mL) is determined by:

研 = 響

whene

Q = minimum r iven f low (16,000 f t3/sec, cfs) to overtop Red Hi l l  Dam
At = release period (2 hours)
Ai = tank act iv i ty pr ior to rupture (cur ies)

0.5 = fract ion of the tank volume that discharges to the r iver
6.4 x 1go is a constant (Ci luCi/ml)

Combining these two equat ions yields the l imit ing storage requirement expressed by the cr i ter ion
I isted above.

: 6 f ; f , ' s 6 . 4 * t o .

Thus,.  this expression def ines the maximum release of radioact iv i ty to the r iver which could
result from a rupture of an outside process water storage tank.

Based on this,  Table 7.28 presents a maximum source term for this accident.  These values were
calculated using the relat ive radionucl ide spectrum and ouant i t ies I isted in Table 7-24 for acalculated using the relat ivecalcufated using the relat ive radionucl ide spectrum and quant i t ies I isted in Table 7.24 tor a
composite_of_processed AFHB water and RCS arid reactor UuitOing sump water processed by the SDS
system. Table 7.28 represents an upper l imit  est imate of radionuci ide invdntorv yhicfr  could br

_oT_proce_ssed AltlB water and RCS and reactor building sump water processed by the SDS
Table 7.28 represents an upper l imit  est imate of radionuci ide invdntory whjci  could be

released to the east channel as a result of a tank rupture口   It should be noted that, in accord―
ance with the tank f_ajlurg rnodel (i.e._, 5_0 p_encen-t of the tank inventory is dischafged to the
r iver),  the radionucl ide inventory in Table 7.28 is onlv 50 Dercent of t -he inventonv-that coulriver), the radう 。nuclide inventory in Table 7.28 is only 50 percent of inventory that could
be stored in the tank.

7.2.5 Environmental  Llpact l

7 .2 .5 .1  0ccupat iona l  Doses

The pr incipal radionucl ide in the processed water is t r i t ium, a soft  beta emit ter,  which does not
const i tute a direct radiat ion source. Tr i t ium is,  however,  an internal source of radjat ion i f
ingested by workers. Since it is noll cont_emplated that the workers will ingest processed water,
there are no occupational doses attributable to processed water disposal. 

-
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Table 7.28. Maximum Act iv i ty
Released to the Susquehanna
River due to a Rupture of a

Processed tJater Storage Tank

Radionucl ide
A::i、ェty

H‐3

Cs‐137

Cs,134

Sr‐90

Sr‐89

Ru-106

Sb-125

Te。127m

Ce‐144

280

0.49

0.09

0.84

0.058

2 . 0

5 。2

5 . 0

0.51

"These numbers represent one-half
the maximum act iv i ty which could
be stored jn an outside processed
water storageltank in accordance
with the model descr ibed in this
s e c t i o n  a n d  i n  S e c t i o n  7 . 2 . 2 . I .

7 . 2 . 5 . 2  0 f f s i t e  D o s e s

The dose est imates presented here for disposal of  the processed water are based on the source
terms o f  Sec t ion  7 .2 .4 .  The ca lcu la t iona i  mode ls  used to  make these es t imates  are  descr ibed ' in
APpendix W.  The environmental impacts of the four options for disposing of the processed water

ah l  cons idered here .  The four  op t ions  are  (1 )  d ischarg ing  d i rec t l y  to  the  r i ver ,  (2 )  d ischarg ing
to the atmosphere via natural  evaporat ion from a ho' lding p91{:  (9) combined discharge to.the

ng oT
the riaib considered here. The four opt ions are (1) discha
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atmosphere and r iver by forced evaporat ion and blowdown, and (4) ship offs ' i te to.a waste disposal
si te. '  The signi f icanie of the doses described below and the' i r  human health and envjronmental
consequences are discussed in Sect jon 10.3.

The opt ion of shipp' ing the processed water offs i te would resu' l t  in no exposure to the genera. l
punf i i  as  the  on ly 'nu i l ide  b f  s ign i f i can t  concent ra t ion  is  t r j t ium.  No exposure . to - the  pub l ic
i lould occur becauie tni t ium emits beta radiat ion which wou' ld not penetrate the shipping containers.

The dose est imates for the control led release to the r iver opt ion for the maximum exposed indi-
u iOr i i - i " . - f l s teO in  Tab les  7 .29  and 7 .30  fo r  the  SDS/EPICOR I I  and SDS a l te rna t ives ,  respec t ' i ve ' l y .
The downstream populat ion dose for the SDS/EPICOR II  processing.opt ion was est imated to be
30 person-rems and for the SDS process' ing opt ion was est jmated to be 900 person-rems.

The dose est imates for releasing the processed water to the a_tmosphene^-via _natural  evaporat ion
are based on the assumption that"2910 i :ur ies of tni t ium are released uniform' ly_over the_period of
"n" V"1".  The dose r iceived by the.maximum exposed individual is l isted in Table 7.31. l ' lote
i l i t - for t r i t ' ium thl  Cose to ealh borly organ is ' the same as that for the total-body. The 5O-mile
total  populat ion dose was est imated t" . ,  be 30 person-rems.
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Tab' le 7.29. Dose Est imates to the l t laximum Exposed Individual
fon Releasing Processed Water to the River -

SDS/EPIC0R-II  0pt ion

Dose (mrem)a

Pathwaya Total -Body Bone Li ver

Fish consumption

Drinking water

Shorel ine exposure

Total

1 . 1

2.4 x 70-2

8 .5  x  10-4

1 . 1

L . 2
1 .1  x  10 -2
9 .9  x  10 - {

L . 2

1 . 5

2.0 x 1g'z

4 .8  x  10-3

1 . 5

aDoses were calculated for toi ,ai-body, Gi- i r-act, ,  bone, i iver,
k ' idney, thyroid, lung and skin. The maximum three organ doses
are l isted in this table. Doses were calculated for four age
groups; adults,  teenagers, chi ldren and infants. The highest
dose estimates for each age group are listed. The total-body
values are for adults,  the bone values are for chi ldren, and
the l iver values are for teenagers.

bThe basis for select ing the special  
' locat ions 

is descr ibed in
Appendix H. The assumption is that dr inking water is f rom the
nearest downstream municipal  intake, and shore' l ine exposure and
f ish consumption is from the center channel in the r iver.

Table 7.30. Dose Est imates to the Maximum Exposed Individual
for Releasing Processed Hater to the River -  SDS 0pt ion

Dose (mrem)a

Pathwaya Total -Body Bone Li ver

Fish consumption

Drinking water

Shorel  ine exposure

Total

9 . 1

5 . 4  x  1 0 - 1

2.1 x l0-2

9 . 8

18

4 . 7

2 .4  x  !0 -2

23

5 . 4

1 . 1

０

　

０

１

　

１

ｌ

　

ｘ
　
　
ｘ

　

　

ｌ

ｌ

　
　
　
　
　
　
　
　
ｌ

aDoses were calculated for total-bocly,  GI-tract,  bone, l iver,
kidney, thyroid, 

' lung 
and skin. The maximum three organ doses

are  l i s ted  in  th is  tab le .  Doses  were  ca lcu la ted  fo r  four  age
groups; adults,  teenagers, chi ldren and infants. The highest
dose est imates fon each age group are l isted. The total-body
values are for adults,  the bone values are for chi ldren, and
the l jver values are for teenagers.

bThe basis for select ing the special  locat ions is r ,{escr ibed in
Appendix I '1.  The assumption is that dr inking water is f rom the
nearest downstream munic' ipal  intake, and shorel ine exposure and
f ish consumpt ' ion is from the center channel in the r iver.
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Table 7.31. Dose Est imates to the Maximum Exposed
Individual for Releasing Processed lJaten
to the Atmosphere via Natura'l Evaporation

子モ|

Location Pathway

Dose (mrem)a

Total‐8ody

Ne3告
景8とnb

l{earest mi I k
goat

Nearest cow
and garden

I nhal at i  on
Ground Shine
Vegetab'le Use

Total

Inhal at i  on
Ground Shine
Goat  Mi lk  Use

Total

Inhal at i  on
Ground Shine
Vegetable tlse
Cow l4i lk Use

Total

2.O X 10-1
0

7.O X 10-1

9.O X 10-1

1.O X 10。 1

0
7.9 × 10-1

8.9 X 10-1

2.2 X 10-1

0

7,7 X 10-1

3.l X 10‐ 1

1 , 3

aDoses were calculated for Gi- tract,  bone, l iver,
kidney, thyroid, lung and skin. The dose est imates
for al I organs except bone were the same as that for
total-body. The est imates for bone were zero. Doses
were calculated for four age groups; adults,  teen-
agers, chi ldren, and infants. The largest of  each
group are l isted in this table. Infant doses are
l i s ted  fo r  the  neares t  mi lk  goat  loca t ion  and ch i ld
doses are l isted for the other two.

bThe basis for select ing the special  locat ions is
described in Appendix W. The actual locat ions
are: nearest garden = 1.05 mi le east-northeast,
nearest mi lk goat = 1.02 mi le nonth, and nearest
cow and garden = 1.05 mi le east.

The dose est imates for the forced evaporat ion opt ion fon the maximum exposed individual are
l i s ted  in  Tab les  7 .32  and 7 .33 .

The combined 50-mile populat ion dose and downstream populat ion dose were est imated to be
30 person-rems for the SDS/EPIC0R II  processing opt ion and 1000 person-rems for the SDS proces-
s ing  op t ion ,  respec t ive ly . *

rThe populat ion dose est imates have been rounded to one sign' i f icant f igure. The combined
50-mile populat ion dose and downstream populat ' ion dose of 30 person-rems for the forced
evaporat ion SDS/EPI.C0R II  processing opt ion was based on a dose of 7 person-rems from the
Iiquid pathways and a dose of 25 person-renrs from the atmospheric pathways. The combined
50-miIe populat ion dose and downstream populat ion dose of 1000 person-rems for the forced
evaporat ion SDS processing opt ion was based on a dose of 590 person-rems from the l iquid
pathways and 440 person-rems from the atmospheric pathways.
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Table 7.32. Dose Est imates fcr the Maximum Exposed Individual for Releasing
Procesg_ed l{ater Via the Forced Evaporation Option - SDS/EPIC0R II

Processfng Option

Dose (mrem)a

Locat ion Pathway Tota'l-Body Bone Li ver

Atmosoheric Releases:
Nearest garden

Nearest mi I k
goat

Nearest cow
and garden

Liquid  Releases:

Near TMI

I  nhal at i  on
Ground Shine
Vegetable Use

Total

I  nhal at i  on
Ground Shine
Goat  Mi lk  Use

Total

I  nhal at i  on
Ground Shine
Vegetable Use
Cow Mi lk  Use

Total

Fish Consumption
Drinking Water
Shorel  ine Exposure

Total

1.9 X 10‐ 1

237 X 10-2
7.4 X 10。 1

9.6 X 10-1

2.O X 10。 1

2.6 X 10-2
6.3 X 10‐ 1

8.6 X 10。 1

2.l X 10‐ 1

4.O X 10-2

8.5 X 10‐ 1

3.9 X 10。 1

1 . 5

7.6 X 10-1

4.7 × 10-3
6.l X 10‐4

7.7 X 10‐ 1

1.O X 10-2
2.7 X 10‐2

4.7 X 10-1

5。l X 10‐1

5,6 X 10-3
2.6 X 10-2

2 . 3

2 . 3

1.1 × 10-2

4.O X 10-2

6。9 X 10-1

5.4 X 10-1

1 . 3

8.7 X 10。 1

8.l X 10-3
7.l X 10‐ 4

8.8 X 10-1

2.O X 10。 I

2.7 X 10-2
1 . 2

1 . 4

1.O X 10‐ 1

2.6 X 10-2
3 . 8

3 . 9

2.2 X 10-1

4.O X 10-2

1 . 5

8.9 X 10‐ 1

2 , 7

1 . 1

5.3 X 10-3

3,4 X 10‐3

1 . 1

aDor.s were calculated for total-body, Gl- tract,  bone, l ' iver,  k idney, thyroid, lung
and skin. The maximum three organ doses are l isted jn this table. Doses were calcu-
lated for four age groups; adults,  teenagers, chi ldren, and infants. The highest
dose est imates for each age group are l isted. For the atmospheric releases, the
doses are for chi ldren for the nearest garden and nearest cow and garden locat ions,
and for the nearest mi lk goat locat ion ane for adults for total-body and for infants
for bone and l iver.  For l iqu' id releases, the doses for total-body are for adults,
for bone are for chi ldren, and for l iven are for teenagers.

bThe basis for select ing the special  locat ions is descr ibed in Appendix 'C. The actua' l
locat ions for atmospheric releases are: nearest garden = 1.05 mi le east-north-east,
nearest mi lk goat = 1.02 mi le north, and nearest cow and garden = 1.05 mi le east.
For l iquid releases the assumption was made that dr inking water is f rom the nearest
downstream municipal  intake, and shorel ine exposure and f jsh consumption is from the
center channel in the r iver.
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Table 7.33. [)ose Est imates for the l i laximum Exposed Individual for Releasing
Processed llater Via the Forced Evaporation Option - SDS Processing Option

Dose (mrem)a

Location Pathway Total -Body Bone Li ven

AtmOspheric Releases:

Nearest garden'

Neares t  mi lk
goat

Nearest cow
and garden

Liquid  Releases:

Near TMI

Inhal at ion
Ground Shine
Vegetable Use

Total

I  nhal at i  on
Ground Shine
Goat  Mi lk  Use

Total

I  nhal at i  on
Ground Shine
Vegetable Use
Cow Mi lk  Use

Total

F ish  Consumpt ion
Drinking Water
Shorel  ine Exposure

Total

1 . 1

1.8 X 10‐ 1

77

78

4.3 X 10。 1

1.7 X 10-1
14

15

1 . 2
2.6 X 10-1

110
6 . 7

120

6 . 5
4.4 X 10-1

1.5 X 10‐2

7 . 0

14
1.8 X 10‐ 1

300

310

5 。2

1,7 × 10。1

64

69

16

2.6 × 10-1
440

27

480

13
3 . 3

1.7 X 10‐2

16

4.3 X 10‐ 1

1.8 X 10。 |

4 . 4

5 . 0

2.4 X 10-1

1.7 X 10-|

23

23

4.8 X 10‐ 1

2.6 X 10‐ 1

6 . 2
4 . 5

11

7 . 9
3.7 X 10-2

8.2 X 10-2

8 . 0

"Doses were calculated for total-body, Gl- tract,  bone, 1iver,  k idney, thyroid, lung
and skjn. The maximum three organ doses are l isted in this table. Doses were calcu-
lated for four age groups; adults,  teenagers, chi ldren, and infants. The highest
dose est imates for each age group are l isted. For the atmospheric releases, the
doses are for chi ldren for the nearest garden and nearest cow and garden' locat ions,
and for the nearest mi lk goat locat ion are fon adults for total-body and for infants
fo r  bone and l i ver .  For  l iqu id  re leases ,  the  doses  fo r  to ta l -body  are  fo r  adu l ts ,
fo r  bone are  fo r  ch i ld ren ,  and fo r ' l i ve r  a re  fo r  teenagers .

bThe bas is  fo r  se lec t ing  the  spec ia l  loca t ions  is  descr ibed in  Append ix  W.  The ac tua l
locat ions for atmospheric releases are: nearest garden = 1.05 mj le east-north-east,
neares t  mi lk  goat  =  L .02  mi le  nor th ,  and neares t  cow and garden =  1 .05  mi le  eas t .
For l iquid releases the assumption tvas made that dr inking water is f ' rom the nearest
downstream municipal  intake, and shorel ine exposure and f ish consumption is from the
center channel in the r iver.
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7.2.5。3  Postulated Accident Effects

The acctdent described in Section 7.3.4.2 that involves releases of processed water to the river
ls breokSng of a processed water storage tank.  For this accldent scenarlo, 50 percent of the
released water wi1l run over the surface to the flood control facilSty and drain into the east

lhahnel of the Susquehanna River.  The potential offsite dOSe consequences to humans is dependen,
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are fairly low and within annual limits for routine cPeration.  However, if Red 日 1ヽl Dam is not
overtoPPing, the released radioactivity COuld reside in the east channel for an extended period

livきi川話『けど|!括活Rttll冶.fatrly high concentrations.  Dose calculations are presented here for both
Flowing East Channel

The source terms that were used for the tank break accident are listed in Table 7.28.  The calcu―
lations are based on the assumption that the SDS Processing oPtion is used for reactor building
sump and RCS accident water.  This is the least effective processing option, hence, if a more

effective processing option is chosen, an accidental release wou]d probably result in lower doses
than presented here,  lrab]e 7.34 1ists the offsite dose estimates to the maximum exposed indivヽ ―

dual resulting from the tank rupture accident scentlrio.  These dose estimates were based on the
calculational methods described in Appendix W,  The significance of these doses related to humans
are discussed in Section 10.4.  The ecological significance of these accidents is discussed in

Section 7.2.5.4.

Stagnant East Channel

The dose estimates for the accident situation where it is assumed Red 卜 | 1ヽl Dam is not overtopping
were calculated based on the estimates for the situatlon where it was t〕 vertopping, except that a

correction factor was employed to take lnto consideration the decreased diltttion of the east

channel, and an adJustment was made to present dose estimates on a unit consumption basis.
Table 7.35 1ヽ sts dose estimates for consumption of l liter of water olヽ  l kg of fish flesh from

the east channel for the and SDS processing opt,on.  The fish consumptlon doses are fairly high,
even for the lowest case.  However, should an accident occur, consumption of fish caught from
this pond could certainiy be avoヽ ded.  The sヽ gnificance of these doses related to humans and
possible mitigative measures are discussed in Section 10,4.  The ecologica]significance of these
accldents is discussed in Section 7.2。 3,4.

7.2.5。4  Radioecological Consequences of Discharge to the Susquehanna River

Additional factors which must be corlsidered in the evaluation of the consequences of liquid
radioactive discharges from the cleanup include the transport pathways, environmental removal

mechanisms, accumulation and persistance of the radionuclギ des and consequences of radiation

exposure to organisms other than man.  The radlonuclides of primary concern in these ana]yses are
Cs‐137, Sr‐ 90 and H‐ 3.  Cestuロー134, Sr-89, Sb-125 and traces of other radionuc]ides are contami―
nants present in radioactive waste streams but are of lesser concern, either because they are in
low concentrations or have low dose factors.  Further details on the significance of the nuclide

mix are given in Appendix J.

Release Scenarios

The staff  has postulated severa' l  mechanisms for the release of t reated radioact ive water from TMI
and evaluated the radioecologica' l  conseguences to the biota of the Susquehanna River and Chesa-
peake Bay.

Control  led Release

Ef f luent  d ischarges  to  the  Susquehanna R iver  f rom TMI  dur ing  p lanned cont ro l led  re leases  o f
treated water would occur at the combined two-unit  discharge structure on the west shore of Three
l { j le  Is land (F igure  1 .3 ) .  Th is  r i ver  d ischarge s t ruc tu re ,  there fore ,  wou ld  re lease e f i luen ts
into the center channel of  the Susquehanna River as i t  f lows south toward the York Haven Dam and
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Table 7.34. Dose Est imates to the Maximum Exposed Individual
Caused by Rupture of a Processed l{ater Storage Tagk during

High  R iver  F lows -  SDS Process ing  0p t ion"

Dose (mrem)b

Pathwayc Total-Body Bone L i  ver

Fギsh consumption

Drinking water

Shoreline exposure

Total

8 . 9 X

6 . 2 X

2 . O X

9 . 5 X

10-1

10。2

10_3

10-1

1 . 7

4,6 X 10-1

2.3 X 10。3

2 , 2

1 . 1

6.2 X 10-3

1.l X 10‐2

1 . 1

aTh.se doses are based on
river dur ing the accident

the assumption that the f low in the
is  su f f i c ien t  to  over top  Red H i l l  Dam.

bDor.,  were calculated for total-body, GI-tract,  bone, l iver,
kidney, thyroid,- lung and skin. The maximum three oigan doies
are l isted in this table. Doses were calculated for iour age
groups ;  adu l ts ,  teenagers ,  ch i ld ren  and in fan ts .  The h ighe i t
dose est imates for eaih age group are l isted. The dose Est imates
for total-body are for adults,  for bone are for chi ldren, and for
l iver are for teenagers.

cThe bas is  fo r  se lec t ing  the  spec ia l  loca t ions  is  descr ibed in
Appendix t l .  The assumption is that dr inking water is f rom the
nearest downstream municipal  intake, and shorel ine exposure and
f ish consumption is from an area downstream of TMI.

Table 7.35. Dose Est jmates for Consumption of Drinking Water
or Fish Flesh from the East Channel gue to an Accidental

Processed Water.  Storage_Tank^hupture during
Low River Flows'

Process i  ng
0pt ion

Adult Total‐ Body
Dose from Consuming

l lfter of Water from
East Channel (mrem)

Adult Total‐ Body
Dose from Consumlng

l kg of Fish from
East Channel (mrem)

SDS/EPICOR I IC

sDsb
0.14

3 . 8

56

470

aThe dose est jmates here are based on the assumption that the tank
ruptures during an extended period of low-r iver f low such that
Red Hi ' l l  Dam is not being overtopped.

bv . l r . ,  de termined by  mul t ip ly ing  appropr ia te  va lues  in  Tab le  7 .34
by the increased concentrat ion factor (44,900 for dr inkirrg
water and 11,200 f^- f ish consumption),  div ided by the annual
usage rate (730 l /yr for dr inking water and 21 kg/yr for f ish
consumpti  on).

cThese values were est jmated by sca' l ing the values for the St iS
processing opt ion in this table by the rat io of the appropriate
va lues  in  Tab le  7 .29  to  the  appropr ia te  va lues  in  Tab le  7 .30 .
The scal ing factor for dr lnking water was determined by dividing
the total-body dose for dr inking water in Table 7.29 by the
to ta l -body  dose in  Tab le  i r .30  (2 .4  x  L0-2 /6 .4  x10-1  =  0 .038) .
In  a  s imi la r  fash ion  the  sca l ing  fac to r  fo r  f i sh  consumpt ion
was es t imated (1 .L /9 . I  =  . !2 ) .
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the York Haven Generat ing Stat ion (hydnoelectr ic).  Studies of r iver f low and eff luent plume
behavior at TtlI have shown that the plume stays very c1ose to the shoreline as it moves south
wi ih the center channel r iver f low. The wide shal low nature of the r iver apparent ly results in
low ini t ia l  mixing of t r ibutary waters with r iver f ' low.

This type of flow phenomena restricts the effluent from TMI to very near the west shore of TMII?
until it either passes over the York Haven Dam or is discharged from York Haven Pond through the
hydroelectr ic stat ion. After exi t ing the Pond, the eff luent receives a consicierable anount of
di lut ion with the River f low. The most product ive spawning and nursery areas of important f ishes
in the Pond are in the east and west r iver channels (Appendix E) and the areas most frequent ly
f ished by anglers are upstream of TMI between Hi l l ,  Shel ley, and Fal l  Is lands. Therefore, dur ing
planned releases, the eff luent from the nuclear stat ion discharge would not intercept or direct ly
contact those important areas of York Haven Pond.

To i l lustrate control led releases, 10 gpm of treated water was assumed to be di ' luted with 34,000
gpm of cool ing tower blowdown before release to the center channel of  the r iver through the plant
discharge structure. The r iver f low during this release was assumed to be 12,600 CFS, which is a
weighted average f low for di lut ion, whose derivat ion is descr ibed in Sect ion 3.4.1. The center
channel of  the Susquehanna River is presumed to be carrying 25 percent of the total  r iver f low.
Exposure to biota l iv ing above York Haven Dam are calculated on the basis of the f lowrate in the
center channel,  whi le exposure to organisms downstream of the dam are based on the total  r iver
f low.

The expected act iv i t ies of the radionucl ides of concern in the processed water are l isted in
Tab'fe 7.25 and 7.26 for the SDS/EPIC0R II  and SDS processing opt ions, respect ively.  Table 7.36
l ists the background concentrat ions of H-3, Cs-137 and Sr-90 in the water of the Susquehanna
River and the detect ion capabi l i ty of  the Licenseers monitor ing program. Also l isted in
Table 7.36 are the annual average and instantaneous concentrat ions in the r iver be1ow York Haven
Oam resulting from the release of water treated by the two options based on the 10 gpm release
rate and 12,600 CFS r iver f low. Instantaneous concentnat ions due to the releases of t reated
eff luent from the plant would, of  course, depend on the rate of release and the r jver f low rate
at that t ime.

Table 7.36 reveals that only H-3 and possibly Sr-90 (SDS processing) could be detected in levels
above liackground for either treatment option. Since doses and exposures to man and other
organisms are calculated on a yearly average basis,  the yearly averaEe concentrat ions in Table 7.36
are more useful  f rom the standpoint of  impact evaluat ion than the instantaneous values.

Accidental Re'lease

The other scenanio considered for the release of the treated water involves the instantaneous
rupture and spi l lage of a 500,000-gal lon holding tank. t {ater from the tank would run over surface
to the f lood control  faci l i ty and be routed to the east channel of  the r iver above Red Hi l l  Dam,
an important spawning and nursery area of the r iver.  The concentrat ion of radionucl ides in Red
Hil l  Pond would depend on whether or not the f low rate in the Susquehanna River was suff ic ient to
overtop Red Hi l l  Dam. For f lows below 15,000 CFS, the dam does not overtop and thene would be
only limited exchange of water between the pond and the Susquehanna River at the upstream end of
Three l , l i le Is land. The concentrat ion in the pond for this case was based on the assumption that
one-half  the total  contents of the 500,000-gal lon holding tank spi l led into and was di luted by
the approximately 65-mil l ion-gal lon volume of Red Hi l l  Pond. The concentrat ions of radionucl ides
were assumed to remain at these levels unt i l  the r iver stage was suff ic ient to overtop Red Hi l l
Dam. For f lows greater than 16,000 CFS, the dam would be overtopped and the radionucl ides would
be carried downstream.
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Elevr
Radionucl ides enter ing the Susquehanna River at TMI-2 wi l l  move in the downstream direct ion with
the r iver f low. Some radioact iv i ty wi l l  deposit  in bottom sediments and sorne wi l l  be taken up by
aquat ic organisms. Tr i t ium discharged to the r iver wi l l  be in the form of t r i t iated water (HTO
as compared to normal water,  H20).  The chemica' l  and physical  behavior of t r i t iated water is
basical ly that of  ordinary water with regard to mobi l ' i ty,  interact ion with suspended part , ic les,
and genera l  d i lu t ion .

In contrast, the isotopes Cs-134 and Cs-137 have an appreciable tendenc;,r to be adsorbed onto
suspended sediments and to concent,rate in aquat ic organisms. Dissolved ci?sfuf l i  introduced to the
r iver wi l l  part i t ion i tsel f  between the water and the suspended sediment.  Contaminated sediments
would col lect to a certain degree bel i ind the York Haven, Safe Harbor,  Holtwood and Conowingo
Dams, but would not reside there indef ini tely since much of i t  wouid be f lusherj ' into the Chesa'
peake Bay during major f loods. Al though radioact ively contam'inated sediments uould be resuspended
during f loods, they would simultaneously be highly di luted by the great quant i ty of f ' lowing
water.

As suggested in Table 7.36, i t  is highiy unl ike!-v that any of the radiocesium released from the
TMI c ' leanup could be cietected in the Susquehanna River,  excepi possib' ly in the i :nrnediate area of
the si te.  Radiocesiu:: t ' !evels woulci  be masked by background' levels caused by nuclear explosive
test ing fal1out,  previous normal operat ing releases from Three Mile Is land Un' i ts 1 and 2, and
current releases from Peach Bottom Units 2 and 3.

The isotopes of stront ium have a much smal ler tendency than ces' ium to adsorb onto sedinrents. and
thus wi l l  remajn almost comp' letely in the water.  The effects of sediment on the radioecology of
Susquehanna River and Chesapeake Bay are expected to be inconsequent ial .  Detai ls of  the impor-
tance of sediment are given in Appendix T.

Behavior of Radionucl ides in the Chesapeah Bay

The upper Bay area, including the Susquehanna Flats and i t . -  t r ibutar ies, are majorspawning and
nursery grounds for many important species of f ishes and other aquat ic biota. Some of the radio-
nuc l ides  d ischarged to  the  Susquehanna R iver  a t  Three Mi le  Is land w i ' l l  u l t imate ly  be  car r ied
downstream to the Chesapeake Bay ei ther in dissol. :ed form or on suspended sediment.  The Chesa-
peake Bay (Figure 7.12) is an estuary where fresh waters from the r ivers and salt  water from the
ocean mix. Sal ini ty var ies from pnact ical ly zero at the mouths of the r ivers up to about 35 parts
pet" thousand (PPT) in the op€l1 oc€En;

Substances which enter Chesapeake Bay most ly or ent ' i rely in the dissolved form such as al l  of  the
tr i t ium, most of the cesium, and pract ical ' ly al l  of  the stront ium wi l l  eventual ' ly be transported
to the sea. The transport  would be caused by the combined effects of advect ion by fresh water
and dispersion caused by the astronomical t ides and wind wave act iv i ty.  The "f lushing t ime," in
the Bay is approximately one year.  The f lushing t ime is indicat ive oF the rate at which a
dissolved pol lutant would be purged from the Bay, but because of the effects of sediments and the
nonideal mixing and entrapment in the compl ica*rd backwater areas of the Bay, smal l  t races of
radioact ive contaminat ion would probably l inger ,of  s€v€ral  years.

The bulk cf  the sediments transported into the Chesapeake Bay wi l l  be deposited in the upper Bay
in the region known as therrturbidi ty maximum."l2 Eaton suggests that some Susquehanna River-
derived sediment would be deposited as far down-Bay as the nouth of the Potomac River.23

Direct measurements of radionucl ides released from the Peach Bottom Nuclear Plant in Conowingo
Pond suggests that the maximum sediment dr:posi t ion of cesium is at the mouth of the Susquehanna
River,  and has decreased by two ord-ers of magnitude by the Sassafras River.  Radiocesium levels
ane undetectab' le beyond that point.z4 Thrr measure;nents may not have included the periods of
major sediment transport  dur ing f loods, wlr ieh would both di lute and disperse contaninated sed' i -
ment further into the Bay to levels below detect,ron l imjts.

Once the contaminated sediments enter the brackish waters of the Bay, a port ion of the Cs-134
which  was prev ious ly  adsorbed w i l l  be  re le i l sed  back  in to  the  water  co iumn ' i r r  a  d isso lved s ta te .2s
Est imates of radiat ion doses made below for tne Susquehanna River represent maximum expected
values. Even with desorpt ion of radionucl ides into the vater column, rad' ,ocesium concentrat jons
are expected to be lower than in the r iver,
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Figure 7.L2. Chesapeake Bay Area.
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Chesapeake Bry is habitat for a great variety of aquatic l i fe, some of which.is consumed by man.
ttaxiiii concdntrations of radioiuclides in-the Bay uater would not exceed those in the
Susquehanna River because the river water undergoei further dilution with salt water and other

sources of frestruater in the Bay.

The Susquehanna River discharges approximately 52 percent of the total fresh water input to the
Chesapeake gay, and about 80 pircenT of freshwiter input above the Potomac River-22 For releases
of ldng duralion it is possiUle to relate the steady state dilution in Chesapeake S|! gI
dissolved substances coniained in Susquehanna River water directiy to the observed salinity-
Table 7.37 gives the additionai dilution factors for Susquehanna River water as a function of
salinity in-the 8ay. These factors are underestimates of dilution because they are based on the
assgrption that ali fresh water in the bay comes from tlre Susquehanna Ri_ve-r_,- while there actually
are other substantial sources of freshwater input. Figures 7.13a and 7.13b show the salinity
along the axis of the Chesapeake Bay for periods of high f'low and low to noderate flow respec-
tiveiy.26 Since doses are cilculated on an average annual basis, these dilution factors may also
Oe ap-ptieC to radioactive releases of short duration. It should also be noted, while it appears
that'the additional dilution in the Bay would be larger for the lower river f low of f igure-_7-!3a'
the init ial dilution of TllI effluent by the river water f lowing by the site would init ially be
lower.

Tabl景a【品:7良iv[♀n品:モと予
tittecR::甘

:::le Sa,営
Sque_

Salinity い Parts

per Thousands

Addギtlonal Dギlution

°fRi↓
:‖
u品
!i:‖8

0 (Fresh water)

2

5
10
15
20
25
30

32

35 (sea water)

1

■.06

1.17

1.4

1.75

2.33

3 . 5

7

11.7

1nfinlty

aFor a steady release of fresh water.  Conser―

vatively assumes all fresh water input to Bay

due to Susquehtinna River.

bi48‖pl骨:csif3;htteiせSi18hi8↑
ラLliと品と ::↑:岳|:モ:岳

:野早景lisktte::yi10 1:景!:riと1°th:‖::景d ‖:uld
be ■.0/1,4 = 0.714 PCi/L.
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t{ater exchange and transport in the northern bay area also occurs through the_Chesapeake and
Delar:e Canil, vhich is the sole direct link between the upper Chesapeake Bay and the
Delawa.re River/Bay system.2? l{ater flow in the canal can be erratic, with water transported
fnom either bay fhrough the entire length of the canal and discharged into the other bay._ A
net differencs in mean tidal level between the Chesapeake and Delaware ends of the canal
results in net transport of water to the eastward at an estimat^e{average ot 2450 cfs (tS$ qr3ls-ec),
in effect making thd canal a tributary of the Oelaware River.28'2e Therefore, it seems probable
that sone r.edionculides of Tl,lI-2 origin that enten the Chesapeake Bay could be expected to be
transported into the canal and thereby into the Delaware River, where they could be accumulated
by aquatic species present there (Appendix E).

Doses to Fishes and Other Biota in the Susquehanna River and Chesapeak

Controlled Releqgss

The dose to fishes and other biota in the Susquehanna River is direct'ly proportional to the
concentration of radionuclides in the river water and to the time period over which the organisms
are exposed. The concentrat ion of radionucl ide in the r iver is inversely related to the r iver
flow diring discharge of the radionuclide material. If it is assumed that the flow in the river
is the same for a short-term release as fon a long-term release, the annual average doses to
f, ishes belon York Haven Dam would be those l isted in Table 7.38.

For a controlled release of treated effluent, the maximum nearsite dose to fish presented jn
Table 7.38 was calculated considering the di lut ion in the center channel,  which is assumed to be
canrying only 25 percent of the total river flow. As described in Appendix E, fishes important
to t-he lport fish-ery in the Susquehanna River exhibit movement- upstream, downstream and across
the chanirel, so the! would be exposed to an average concentration rather than the concentration
at a particirtar poi-nt. The dose'to fishes downstieam of York Haven Dam assumes total mixi.ng in
all the waters o? ttre Susquehanna River. The calculational methods used to make these dose
estimates are described ii I{ASH-1258.30 Bioaccumulation factors are taken from Regulatory
Guide  1 .109.

Table 7.38. Average Annual Doses to Fishes in the
Susquehanna River Downstream of York Haven Dam
Resulting from Nonnal or Accidental Releases

of Processed Water

Dose (mrad)a

Scenario Near Site Downstream

Normal Releases

:‖8`::::13 :itionb
:::i8‖8CesSlng
AccSdental Releases

i予8どe::il甘
r8pモ

.::S

1.56.0

2599

2.49.6

aA " iuer di lut ion f low of 3150 cfs was used for nearsi te
estimates and 12,500 cfs for downstream estimates.

bsee Table 7.25 tor radionucl ide source term'
csee Table 7.26 for r 'adionucl ide source term.
dsee Table 7.28 for radionucl ide source term-
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Limited data are available from water and fish samples in the Susquehanna River for estimating
the bioaccumulation factors of cesium and strontium. Bioaccumulatibn factors were estimated frlm
background levels of Cs-137 and Sr-90 taken at control locations upstream from the site. Bioaccu-
mula_t-ion factors for cesium were also independently estimated froin the concentrations of Cs-134
i.n fish eaught in Conowingo Pond resultinj from the releases of Peach Bottom Units 2 and 3.
llater concentrations in Conowingo Pond are estimated from known Cs-134 releases and an assumed
river f low rate of 12,600 cfs.  lhe results are tabulated in Table 7.39, and demonstrate that the
bioaccumulation factors from Regulatory Guide 1.109, used in the staff's dose assessments, over-
est imate si te-specif ic val  ues.

Table 7.39. Bioaccumulation Factors Estimated from Measured Concentrations
in Fish and Waters of the Susquehanna River

電
ヨ
電
電
縄
唱
電
帽
梶
堪
堤
彊
堤
運
卓
卓
弓
】
堪
≡壕
■
ッｉ
■
一キ■

Radionucl ide

Fish
Concentration

(pCi/g)

hJater
Concentration

(pCi lmL)

Bioaccumu-
lat ion Factor

(pci  /g)/(pci  /mL)

Regul atory
Guide  1 .109

Val  ueo
(pCi  /g ) / (pCi  /mL)

Sr‐90

Cs‐134

Cs‐137

0.0217D
(range 0.0004-

0 .07s)
0 .23e

0.054b
(range 0.01- h

0 .14s) "

0.0023c
(range 0.0003-h

0.0005) "
0.00058f

0.0028c
(range 0.002;

0 . 0 2 ) -

9.4d

(range l,3-250)

400

19

(range O.5'73)

30

2000

2000

aRegulatory Guide 1.109, Rev. 1, p.  13.
bV.lr . ,  for control  locat ions, taken from "Three Mile Is land Nuclear Stat ion, Radiological  Envi-
ronmentai l.lonitoring Program, Annual Report 1979," l.letropolitan Edison Company, April 1980,
p. 13.

cvalues reported in Sect ion 3.4.1 of this document.
dFirh .on..ntration divided by water concentration.
eHighest value reported in Conowingo Pond (Reference 24).
,F'Estimated,average concentration based on 1.62 Ci released from Peach Bottom in Second Quarter,
1979 and 12,600 cfs average river flow.

Effects of Accidental Releases

The.h_ighest doses to_aquat ic organisms l iv ing in the Susquehanna River would be caused by the
postul.ated accidental release of the contents of the processed water storage tank durin! an
extended period of ' lon r iver f low for vhich there would be no f low over Red t t i t l  Dam. Tab-le 3.1
demonstrates that statistically, river flows lower than that required to overtop Red Hill Oam ancl
last i lg for a half  year could have a return period of less than' two years. An bxtended period of
non-f lowing condit ions in Red Hi l l  Pond is therefore a reasonable assumption.

In order to demonstrate the upper I imit  of  possible environmental  damage to the f isheries of Red
Hil l  Pond, the staff  postulated a one-year period for which Susquehanna River f low was lower than
15,000 cfs.  Neglect ing exchange of water art  the upstream end, the concentrat ion of radionucl ides
in the pQ!{ w9s- calculated byassuming that,  one-half  the total  contents of one of the 500,000-gal lon
tanks spi l led into the approximately 55-mi ' l l ion-gal lon vo' lume of the pond. The concentrat ion of
radionuclides in the pond was assumed to remain at this level for one year. The doses received
by organisms (f ish and f ish eggs and larvae,) l iv ing in the pond were calculated assuming the same
bioaccumulat ion factors used for the contro' l led re' lease scenario,  and are presented in Table 7.40.
For adult  f ish, average annual doses are presented in Table 7.40, and for eggs and larvae, doses
over_the 59-9ay developmenta'l period from erggs to juviniles are present in the table. The 50-day
developmental  per iod from eggs to juvini lers is considered to be the most radiosensit ive period-
for f ishes.
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Table 7:40.  Dosesi to Adult Fishes, Eggs, Embryos and Larvae

in Reギ ‖!11‐|'P,d CauSst。1普g[all118 0f , Pr°fessed Water

Accidentb
TYPe

Dose to AdultC
Fishes ‐ Rad

Dose to Eggsd or
Larvae - Rad

Fai lure of

:t:;:38etalRとer
18110

‐:‐    i  3BaSed on dilutギon of one‐half con,e188 3:1子
:R'::‖t:景1181 告:ldingtank or evaporatlon pond wlth 65

Hlll Pond, stagnant for ■ year, no interchange with other
Susquehanna River water,  (See Table 7.28 for radionuclide
inventory.)

i              bAll dose estimates based on SDS p,ocessing option.  Other options

would resは lt in lower doses,

10ne―
year exposure based on concentration in Pond and Regulatory‐

               Cuttde l.109 bioaccumulatSon factors.
d60。

day exposure as above.
eDoses were estimated by multiplying the downstream accidental

release value of Table 7.38 (2.4 mrad)Oy a faCtOr to take
r r             into consideration the decreased dilution in the east channel

under stagnant flow conditう ons (deCreased dilutlon = flow in

Siler i87°]:cツ9景
rFv'!】8eg:‖/,忌:;/::]]n景1157(3:i'0」

 :ii5XX 104).
Value for eggs and larvae was estimated to be 1/6 that for
mature fishes.

Doses to Fishes l■  Chesapeake Bay

Doses to fishes in the Chesapeake Bay would be greatest at the mouth of the Susquehanna River and
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average doses to fishes would be lower in the Chesapeake Bay than to those fishes residing in the
Susquehanna River below York Haven Daw shown ttn Table 7.38.  This concluslon is conftrmed by
radiological monitoring by the State of Maryland in conowingo Pond which shows that the maximum
concentration tn fish due to radiccestum which has beetl released from the Peach Bottom nuclear

il:ni3,i3す
°und in the pond itself, and that concentrations decrease markedly with distance down

R3dうOSensitivity of Fish32

Figure 7.14 and Table 7.41 show that, as a grouP, fish are the most radiosensStive of the polktlo―
thermic (col db10oded) aquatic animals, although some crustaceans exhibit similar sensitivities.
The data available lndicate that the average median letha1 6ose within 30 days of an acute radia―

::骨]i8さ‖8SiSelさ|』卜,ィ景観!uど私t科;‖増活FI'400 と
 1,500 rads.  For larvae and embryos of flsh the LD50 iS

R3diOSensitivity of Crustaceans32

Crustaceans exhSblt a rattge of radiatギon sensitivlties covering approxlmately two orders of
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for fishes.  Thus, an LDl。 O of 1500 ralds is assumed for adults.  This estimate considerably
overestSmates the Smpact on certain coinmerctally and recreationally important specles, such as
the blue crab (Callinectes sapSdus).
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RADs

Figure 7.14. Tolerance of Aquat ic Organlsms to Radiat ion.
(Relat ive tolerances of di f ferent groups of
aquat ic organisms to radiat ion in terms of
dosages of radiat ion required to ki l l  50%
of  the  exposed ind iv idua ls  in  a  g iven per iod
o f  t i m e . )

Table 7.41. Conrparison of Acute Lethal
Radiation Doses for Various Groups

of Organismso

Type of Organism
Dose

(ri 1 orads ) Ranges of LDs

Bacteria

Blue green algae

0ther algae

Protozoa

llol I usks

Crustaceans

F i  sh

4.5  ‐  735

(400   ‐ >1200

3   -   120

( LDgo )

( LOgo )

(  LDso )

(  LDso )

(  LDso/so )

( LDso/go )

( LDso/go )

,

20

1 . 5

1 . 1

600

109

56.6

5 , 6

a I .L .  Ophe l  e t  a l . ,  "E f f ec t s  o f  I on i z i ng  Rad ia t i on  on  Aqua t i c
0rganisms,"  in :  "Ef fects o i i  Ion iz ing Radiat ion on Aquat ic
0rganisns and Ecosystem,"  Tr)chnical  Report  172,  IAEA, Vienna,
L976.
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Evaluation of Radiation Effe_qts

Control led Releases

The.annual.  av^erage downstream doses l isted in Table 7.38 do not present a siqni f icant hazard to
P]ol l j f jhe,Susquehanna River and Chesapeake Bay, and are within ' Ievels geneial ly estabt ished to
be safe for humans. Although guidel ines have not been establ ished for icceptable l imits forradiat ion exposure to speciet olher than man, i t  is general ly agreed t t lat- ine- l imits establ ishedfor humans are also conservative for other sfecies. 

-Experie-nce"nas 
strown ttrit it is the mainte-nance of populat ion stabi l i ty that i_s-cruci i l  to the survival  of  a species, and species in most

ecosystems suffer rather high mortal i ty rates from natural  causes. '  Whi ld the existence oiextnemely radiosensit ive biota is.  poss. i -ble,  a-nd whereas increased radiosensit i t iat- in org"n1'rr t
may result  f rom environmental  interact ions with other stresses (e.g.,  heat,  bjoci 'dej ,  Lt"c. l , -no
biota-have have yet been disco'- 'ered that show a sensit iv i ty ( in tel :# oi l r i . reased morbidi iv ormortality) to radiation exposures as_low as those expected from normal operations in the a'rea
surrounding and downstream'from the Three Mile Is land nuclear power p1ant.  Furthermore, in al1
the plants for which an analysis of radiat ion exposure to biola othbr than man has been made,
there have been no cases.of.exposures that can be'considered signi f icant in terms of harm to t 'he
:q9fi::,""o" that approir_clt_tI_._ elposure limits to members of the public permitt"c by 10 CFR
Pant 20.16 Since the BEIR-II I  Reportsa concluded that the evidente to date indicat is that no
?l! : l^ l !v ing organisms qrqJery much more radiosensit ive than man, no signi f icanttv raOloiogicir
impact on populat ions of biota is expected as a result  of  the rout ine dlcontamini t ion of t i ispl  ant.

Accidental Releases

Doses to biota residing in.Red Hi l l  Pond for the postu' lated holding tank rupture or scenerio
would be muc_h.higher-tha.n dos_es expected due to thd control led releaie scenerios. Compai i ion-ot
the doses est imated for the SDS-system (the system which gave the highest doses) in Tadle Z.+O to
the ranges_of senit iv i t ies est imated in Tabl-e 7.41 suggelts that th-e accidental  doses are wel l
below levels that would signi f icant ly affect the adult- f ish, eggs, embryos or larvae in Red Hi l l
Pond. Annual average doses to fishes downstream of Red ttiit Dim-for t-he case where the dam is
overtoppe_{,would be 10 t imes less than the control led release scenerio l isted in Table 7.38, as
for. the SDS. processing option, -only about 20 percent of the total activity can be stored in the
tank at a given t ime (one-half  is assumed to immediately reach the r iver i 'n an accident).

7.2.5.5 Psychological  -  Socioeconomic

The staff  considers four methods for disposing of processed water to be pract icable; these methods
?I9: onsi te storage, evaporat ion, of fs i te shipment,  and discharge to the Susquehinna River.
Although each would have negl igible offs i te radiological  impacts under normal op'erat ing considera-
t ions, they can have varying, psychological  and socioeconomic impacts for di f fbrent g"roupi oi  

-

people. Onsite storage of the processed water ei ther in tanks'or mixed with cemenCto' form
concrete blocks fon a long perio-d of t ime may generate chronic psychological  distress and socio-
economic_impacts among people l iv ing in communit ies near the stat ion. 

-  
In fact,  the extent of

potential distress and impact -can b_e related to tfre length of time required foi storage. The
possible associat ion between t jme of storage and distresJ ref lects some' individual 's be"l ief  that
there is an increasi lg probabi l i ty _of accidents over t ime and that long-term storage represents
neither decontaminat ion nor disposal.  This lat ter point is especial ly important Secause some
residents bel ieve that. .storage, even long-term storage, is only a stage pre'paratory to the ul t imate
disposit ion of.  the radioact ive waste. A strategy of long-term, onsit l  dtorage hai the potent ial
to prolong anxiety.
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Release to the atmosphere through either forced or natunal'evaporation from the island are possible
alternatives. As with the long-term storage option discussed above, the extent of anxiety may be
positively related to the length of time required for evaporation. l.loreover, the population
impacted by the evaporation option is expected to be similar to that discussed above. Oepending
on pnocessing scenarios, shipment of processed vater offs i te in sol idi f ied form would involve
640 truck shipnents of 51,300 drums, or 340 shipment: would be required if the processed water
were shipped offs i te in bulk l iquid form. :

Shipping the.processed water to an offs i te disposal area can be general ly less stressful  local ' ly
than either the long-term storage or evaponation options because it removes the believed source
of threat from the Tl.lI area. However, those living along or in proximately to the truck route
may be subjected to stress. Such potential stress would be related to increased awareness of
residents, and the perceived possibility of on-the-road accidents. The transportation of waste,
particularly through iliddletown where population density is higher and people live closer to the
roadway than other locations in the local impact area, can siimulate greater stress. It is the
staffts judgment that the marketability of residential property abutting the route through Middle-
town conceivably could be adversely impacted duning the extended period of shipments.

The final disposal alternative considered practicable by the staff is the control1ed release of
processed water to the Susquehanna River. The staff estimates that a minjmum of 110 days wou'ld
be required to release the entire inventory of processed water. Although disposal to the Susque-
hanna would present neg' l ig ible publ ic health hazards, some residents of local and downriver
( including Chesapeake 8ay) communit ies f ind this al tc" ' .^ 'e both threatening and distressful .
In short, some members of the public do not believe -. dven the low concentration of tritium
and even Iower quantities of other radionuclides remarning after dilution of the processed water
are safe. The staff concludes that these concerns would be concentrated among those who use the
Susquehanna River/Chesapeake Bay systen as a water supply, as a source of income and enjoyment,
and those who consume the Bay's resources.

Although models to predict behavior from attitudes are difficult to specify under the best of
circumstances, the staff has concluded that disposal of processed water into the Susquehanna
River has the potential for producing widespread socioecononic impacts. These impacts may include
the fol lowing:

(1) temporary avoidance of drinking water originating from either the Susquehanna River or the
Chesapeake Bay and the substitution of other 'l iquids;

(2) losses to recreation as people cease their use of surface water for swimming and boating;

(3) losses to r iver and bay necreat ional f ishing and hunt ing of waterfowl;

(4) avoidance of game products;

(5) consumer avoidance of r iver,  bay, and ocean shel l f ish and f inf ish; and

(6) economic losses to watermen, onshore support activities, seafood processors, restaurants,
and netai l  and service out lets associated with Bay products and act iv i t ies (bait  and tackle
stores, notels,  charter boat captains, etc.) .

Potent ial ly,  the most consequent ial  economic impacts of the Susquehanna River disposal opt ions
for processed water can result if widespread consumer avoidance of Chesapeake Bay resounces
occuns.* Consumer avoidance would be related to a number of factors including general attitudes
toward radiation. There is some evidence to suggest that the public perceives nuclear power to
be more dangerous than many other technologies or act iv i t ies including alcohol ic beverages,
general  aviat ion, motor vehicles, handguns, and smoking. This bel ief  is said to be derived from
the expectation that nuclear power activities can produce an enormous number of deaths and threaten
the survival of the human nace (pp. 25-34 of Reference 35).

*"Consumer" in this context refers not only to customers of retai l  estab' l ishments but also
to to watermen, wholesalers, hunters.
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A second factor which would underlie consumer avoidance behavior is the confusion and distrust in
a. segnent of the public that believes the risk of nuclear power to be considerably greater than
!19 gxpelts' assessnents indicate (p" 15 of Ref. 35). A sirvey of residents within-20 miles,-.f
TllI to determine levels of trust in authorities indicated a leining toward distrust.s6 Althorrgh
the tendenc-y toward distrust indicated in April 1979 had declined-by August 1979, the tendenc!
was-sti_ll for opinions to lean on the averag'e toward distrust and appear- to have-been above the
national average. Although data are not available for a larger arLi around Tl.lI, the staff has
assumed.that the population, particularly those downriver of TMI who might be ind'irectly impacted
!y,-tne disposal of processed water in thb Susquehanna, would share in l6vels of distrusi chiracter-
ist ic of  those l iv ing within 20 mi les of Tl{ I .  

'

The potential fsr consumer avoidance and economic loss would also be related to two character-
ist ics of seafood and the seafood industry.  As indicated in Sect ion 3.6.1.3, shel l f ish represents
approximately gOX of the landed value from the Chesapeake fishery. Although accurate daia are
not avai lable, a substant ial  port ion of the total  shei l f ish harveit  is bel ielved to be consumed in
restaurants. Those who have a long familiarity with seafood marketing considen fresh shellfish auluxury" item of food consunpti-on, for which substitutions are easil-y made.3? Secondly, the
industry is subjected to competitive pressures not only from fresh pioducts originating in Gulf
of ilexic:r and other waters but also from frozen, procissed product's. Those faiitiar iith the
Chesapeale seafood-industry bel ieve that sales losses are di f f icul t ,  i f  not impossible, to recap-
ture from competition. 3?

Finally, his+,oric_al -evidence strongly points to a link between water quality and consumer demand
for f ish and shel l f ish. Consumer scept ic ism concerning the safety oi  seafood which is served
uncooked rises vith o_utbreaks of hepatitis following c-onsumption 

-of 
these products.ss Sport

fisheries, in particularr are adversely affected Oy higtrly puOticizeO exampl'es of "contamihated"
watersl such examples include mercury and PCB incidents in Japan: KeDone in the James River andwatersl such examples include mercury and PCB incidents in Japan; Kepone in the James River and
lower Chesapeafe Bay, Virginia; PCB and D[)T in the Hudson River, New York and throughout the
Great Lakes: l , l i rex in Lake Ontar io.  New York: mercurv in Lake St.  Claire- Lakp Frip anid mainqtreGreat Lakes; l,l inex in Ontar io,  New York; mercury in Lake St.  Claire, Lake Erie and mainstream

enomena such as red tides. In the months followino the accident atTVA lakessT and natural phenomena-such as r'eO tiAei. In the months fo
Tl i l l .  local f ishino act iv i tv in the vic ini tv of the olant decl ined in r

ng the accident at
Tl i l l ,  local f ishing act iv i ty in the vic ini ty of the plant decl ined in responsi to actual and
be l ieved chanoes in  water  oua l i t v  leve ls  (see Sect ion  3 .6 -2-9) -bel ieved changes in water qual i ty levels (see Sect ion 3.5.2.9).

Several  experts- in the f ie ld of marine economics and market ing suggested that the media plays an
important.role- in 9stermining the publ ic 's percept ion of watel  qual i ty changes and, ul t imaiely,
consumer behavior.ao If the media lacks adequati knowledge and ionteit with-in which to evatuit-e
misleading statements, such statements could be passed on-to the pubi ic as fact.  The end results
are the generation of fears and consumer avoidance of seafood pioducts. A concern for media
report ing-and i ts relat ionship to general  publ ic fears underl ids the concern of the State of
i lary iand.{1

The most recent and wel l -publ ic ized incident of water contaminat ion involves the insect ic ide
kgpone. During the 1970s, tnaces of kepone in amounts exceeding Federa'l l imits were found in
blue crabs, oysters, bluef ish, and in several  other species of f inf ish in the James, York, and
Rappahannock Rivers in Virginia.  Rather than r isk the distr ibut ion of contaminated products,
Federal and State officials closed the James River south of Richmond and adjacent portions of the
lower Chesapeate Bay starting in December 1979 to the commercial harv-esting of il l seafood;
recreat ional f ishing was only permit t ted on a catch-and-release basis.ao This ban was l i f ted for
most _species. in- November 1980. Prior to and fol lowing f ishing,restr ict ions, numerous newspaper
art ic les emphasized the possibi l i ty of  seafood contaninat ion.al  Efforts were made by l ' laryldnd
off ic ials to publ ic ly draw a dist inct ion between Maryland seafood and f ish--which iontained
levels of kepone below Federal  l imits--and Virginia products.a2

Although the dinect and indirect economic effects of kepone contamination apparently have not
been systenatically analyzed, several sources of information indicate widespread impact. .In
Virginia, consumers refused to buy bluefish, restaurants refused to serve them, and fishersnen had
no market for the fish. Purchases of bluefish were made only when the restaurant or retailer
could assure his custoner that the f ish wa$ caught in the At iant ic 0cean or in North Carol ina
waters.{3 As a result  of  incomplete informationind extensive news coverage, the sale of oysters
harvested from aneas which were completely isolated from James River was adversely affected in
Balt imore's wholesale f ish market,  some 200 miles north of the James Rjver.x Durihg 1976, sport

*Researchers (see Ref.  44) calculated a 5l i  loss of oyster sales in Bait imore during a period when
media attent ion was focused on kepone contaminat ion in Virginia.  This loss occurned in a market
200 miles from the James River and to a product which is unrelated to the James River oyster.
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angler concern with contaminated bluefish.{s Althougti trip canceltition's among charter boats
based around the Annapolis anea were mininal. a sma'll number of captains operating off the Ner
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f ishery charter boat captains from the lower lt laryland portion of the Chesapeake Bay, including
Chesapeake Beach (100 miles north of the Jaqes River), reported many trip cancellations due toreported many trip cancellations due to

しrip cancellations among charter boats
based around the Annapolis anea were mininal, a sma of captains operating off the NewDaseo arouno [ne Annapolls anea were mrn'rnal, a small number of captarns operatrng otf tne N(
Jensey coast implicated kepgne contamination of fish as the reason that some fishermen were
reluctant to chaiter trips.ao

The influence of contamination and media coverage on recreation has been demonstnated in a study
which has relevance for waterfowl hunting in the Chesapeake Bay.a? In examining the effects of
mercury contamination on pheasant hunting, the researchers concluded that knowledge of the presence
and dangers of mercury in pheasants helped to explain much of the loss in Oregon pheasant hunters
during a two-year period.

Although the staff is unable to specify the quantitative or temporal ext' of potential economic
losses to Chesapeake Bay act iv i t ies as a result  of  disposing tr i t iated w-.-er in the Susquehanna
River,  three conclusions appear to be just i f ied at this t i rne. First ,  changes in the perceived
quality of water, whether or not such changes represent an actual health hazard to either the
fauna or human consumers, is linked to a'ltered patterns of consumption, most notably consumer
avoidance. Second, the accuracy, tone, and quantity of media coverage will exert a powerful
inf luence on how the publ ic perceives changes in water qual i ty and, ul t imate' ly,  on human behavior
and consumption patterns. Finally, because imperfect or limited information creates uncertainty,
the demand for products harvested fron areas not affected, even remotely, could also decline;
that is, consumer avoidance could impact the demand for fish and waterfowl from areas abutting or
beyond the Chesapeake region.

The State of Maryland has informed the NRC that it will be undertaking a comprehensive study of
potent ial  economic losses to Chesapeake Bay act iv i t ies which would result  f rom the al ternat ive of
disposing of TtlI-2 processed water by dilution and controlled release to the Susquehanna River
which is expected to be completed in one year. The NRC staff is of the opinion that at least
until such a study is completed and the State of Maryland provides the results to the public and
the NRC staff ,  no decision should be made regarding disposit ion of the Tl4I-2 processed accident
water. This assumes no emergency arises which would regu'ire d'isposition of this water in the
inter im. The NRC staff  bel ieves any such disposal act ions taken in advance of complet ing this
study would be premature and without the benefit of information on societal and socioeconomic
factors important to the decisjon-making process.* However, processing of the water to remove
and immobi l ize the hazardous radionucl ides should.  in  the staf f 's  opin ion.  Droceed as expedi-and immobi l ize the hazardous radionucl ides should, in the staff 's opinion, proceed as expedi-
t iously as safety permits.  No opt ions for disposit ion of the processed water (as wel l  as the
seDarated radionucl ides) are foneclosed bv the exoedit ious treatment of the hiqhlv radioact iveseparated radionuclides) are foneclosed by the expeditious treatment of the highly radioactive
accident water in the reactor building sump and reactor coolant system.

As discussed elsewhere in this chapter, adequate onsite storage capacity already exists.  In
consideratSon of thSs, the lScensee has recently announced that no ProPosal fOr processed water
disPosal will be made to the NRC Prlor to 1982.

7.2.6  L:quid Disposal Costs

Table 7.42 provides the estimated liquid disposal costs for the alternatives pFeSented.  The
long‐term onsite storage alternatives include the costs for up to 25 years of storage.  Ultimate
disposal 怠fter the 25‐year storage perlod have not been estimated.

The costs for the cffsite disposal alternatives include transportation costs to the final disposal
sl te.

*The basic regulatory cr i ter ia for discharge of rad' ioact ive i iquids is provided in 10 CFR Part 20.
Specif ical ly,  paragraph 20.1.c states t .hat,  l icensees should maintain releases of radioact ive
mater ials to "as low as is reasonably archievable" (ALARA) levels and further def ines the term
ALRA as meaning ". . . .as low as r .easonabrly achievable taking into account the state of technology
and the econonics of improvements in rerlation to benefits to the pub'lic health and safety and
other societal  and socioeconomic consiclerat ions, and in relat ion to the ut i l izat ion of atomic
energy in the publ ic interest."
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Table 7.42. Disposal Costs for Tt l I '2 Liquids
(thousands of dol lars)

Disposal Al ternat ive Considered High Low

Long-term onsite storagea
(a) Stored in tanks
(b) Immobi l ized as concrete slabs

Discharge to the environs
(a) River discharge
(b) Evaporation ponds
(c) Forced evaporation

0ffsi te disposal
(a) Immobi l ized and shippedb
(b) Immobi l ized and shippedc

, (c) Deep wel l  in ject ion
(d) 0cean disposal

4. Onsite disposal
(a) SLB trenches
(b) Underground inject ion

aAssumes 25-year storage.
bRichland, Washington, dest inat ion.
clJest Val ley, New York, dest inat ion.

Whi le a range of cost est imates is presented, the range is intended to include the
the actual volume of processed water to be disposed of.  tJhere a single cost value
the co.sts have been considered to be relatively insensitive to the actual volume.

7.2.7 Comparison of Processed Water Disposal Al ternat jves

The al ternat ives discussed above were compared on a relat ive basis considering t ime to complete
water disposal,  radionucl ide release pathways, potent ial  regulatory obstacles, of fs i te doses and
costs. Table 7.43 summarizes these parameters. This table numbers al ternat ives from 1 to 10 and
these designat ions are referred to in the discussions presented below. The conclusjons that can
be drawn fron this summary are as follows:

. Time to Complete lJalgr_9jspgstil

To compare onsite and offs i te al ternat ives, t ime to complete is the length of t ime required
to ei ther (1) reduce concentrat ions to innocuous levels whi le onsite or (2) perform the work
necessary to ei ther discharge or transport  processed water from the si te,  including any
necessary construction work required to implement the alternative.

As discussed above, al ternat ives 1 and 2 are not pract icable due to the long t ime periods
involved. Four of the other al ternat ives (3, 4,  5,  and 6) could take 5 years to complete
due to regulatory obstacles and, tltrus, may not ire suitab'l e.

Three of the remaining four al ternat ives (7, 8 and 10) can be readi ly completed whi le the
fourth (al ternat ive 9) is completedl over a period of several  years.

1.

2.

5,600

2,800         2,300

150             100

500

250

3.

7,400

5,600

5,100

10,500

1,900

5,400

49100

3,700

7,700

1,400

250

uncertainty in
is presented,



電
彊
要
璃
場
彊
嬉
「張

擢
屯
嘔
一一一提
屯
堪
ギ
屯
壇
兵
．

垂 i品

””
り
０
コ
　
　
Ｏ
Ｃ
ｒや
Ｐ
一Ｅ
」
０
住
　
　
０
こ
ｒ
り
Ｅ
●
０
一ヨ
　
　
Ｃ
“
ω
り
０

ヽ
●
や
”
や
り
　
　
　
　
　
　
＜
ユ
ｕ
　
　
　
　
　
　
　
　
Ｃ
α
Ｚ
　
　
　
　
　
　
　
ｏ
ト

≡
０
や
”
〓
　
●
０
に
い
　
　
Ｏ
Ｃ
“
ヨ
　
　
≡
０
＞
”
」
　
　
Ｏ
Ｌ
Ｏ
二
ａ
の

‥
Ｌ
ョ
い
０
コ
∽
　
０
卜
　

　

０
卜
　
　
　
　
０
卜
　
　
　
・
Ｏ
Ｅ
，
＜
　
０
」
・

Ｅ
ｏ
いや

‐
い
り
ｏ
ａ
ｎ
い
０

ギ
こ
Ｏ
Ｃ
Ｃ
宮
Ｌ
Ｏ
α

（
口
Ｏ
Ｈ
一
）

り
，
コ
ｏ
０

Ｅ

Ｏ
Ｌ

８
Ｃ

Ｏ

り
Ｌ

Ｏ

住

∞

”

中

”
中

い

ｏ

０
ギ
ｄ

一
生
Ｅ
０
０

０
や
　
め
Ｌ
何
０
＞

り
ｏ
＞
，や
”
Ｃ
Ｌ
Ｏ
や
一＜

”０
い
Ｏ
ａ
ｎ
一
〇

Ｏ
ｒ
り
０
つ
ぃ
０
０

あ
」
０
や
”
一
ヨ
０
●
任
　
，
”
ｒ
や
Ｅ
Ｏ
や
ｏ
こ

０
＞
０
■
一〓
や
口
α
　
Ｏ
の
中
０
可
０
」

Ｌ
Ｏ
中

何
〓

　

市
０
り

り
０

０
０
Ｌ

α
　

い

０

　

”
●

り
０
０

り

，
０
　

」
０
い

　

り
０
＞

ｒ
申

付

電
Ｌ

Ｏ
や

ｒ
＜
　
い

０
　

こ
０

∽

，
Ｌ

付
ａ

Ｅ
ｃ
Ｏ
一　

　

．
”
寸

．
卜
　

ｏ

Ｆ
Ｏ
●

ト

．
０
電

一
の
　

０
つ
も

■

じ
Ｃ
Ｏ

じ
　
ω
ニ

ギ
ｔ　
ｉ

　
い

一Ｅ

ヨ

一
や

ｒ
Ｌ
や

　

庁
”
Ｃ
　
い
。
　

ぃ
ぃ
。

一
　

Ｅ
Ｇ
　
Ｏ
●
り
０
∞

・

‥
Ｐ

ｃ
Ｏ
ョ

一
半
」
０
　

切
り

Ｏ
υ
Ａ
〓

ａ

　

【
】

α
０
０
Ｈ
住
口
ヽ
∽
０
の
　

ｏ
こ
や
　
Ｃ
Ｏ
　
や
０
り
何
Ｏ

ｏ

．
ミ
寸

．
卜
　

０

一
ぬ
高

ド
‐　
一

い
　
い

０

ョ

庁
何

＞
　
や
り
ｏ
り
　
ま

０

庁
　

０
〓
や
　
Ｃ
０
　
０
ω
切
”
０

。

．
の
ぁ
何

宅
口

０

一Ｏ

Ｃ
ｒ
や
や

や
宮
」
倒
一住

　

一
ｃ
息
】

Ｄ

Ｃ

一
い
Ｃ
Ｏ
じ

一
一
　

一
口

い
や

Ｃ
ω
や

ｏ
ａ
　
Ｃ
Ｏ
　
モ
ω
り
”
い

ｏ

．
０

一
０
円
Ｏ

ｒ

一
ュ
ュ
一“
　
一０

」
０

　
一
【
　
〓
働
一ョ
ロ
一
生
二
Ｈ
一

Ｎ

　

り
０
＞

一
や
毎
Ｅ
■
ω
や

”
●
　
●
０
市
Ｌ

Ｏ
や

り
　
」
０
や
い
く

。

7‐83

t100

O O n

”
ω
＞

り
０
＞

０
０
「
守

０
０
ト
ト

０
一
卜
”

０
０
“

０
●
守
【

0●

く 0 く   < < く く

ヰ や

五  五    A A

● 0
N 的

Ｃ
Ｏ
ｒや
口
■
ｏ
α
”
＞
●
　
０
●
０
」
０
」
　
．０

「

Ｌ
ｏ
中や
ｏ
■
ｏ
ａ
市
＞
ω
　
一何
■
ヨ
や
何
Ｚ
　
。い

Ｌ
Ｏ
＞
”
≡
　
０
や
　
０
切
何
０
一Ｏ
α
　
．∞

り
Ｃ
ｏ
Ｌ
い＞
Ｃ
ｕ

Ｏ
や
　
０
０
Ｌ
Ｏ
二
じ
の
い０

ぁ
や
”
″
”り
ｏ
」
　
ロ
コ
∽
　
．ト

一何
り
Ｏ
ａ
切
いＯ
　
ｃ
何
ｏ
り
０
　
．Ｃ

Ｃ
Ｏ
ｒや
ｏ
●
巧
Ｃ
，
　
”
”ω
と
　
０
●
０
０
　
・０

”０
い
Ｏ
α
”
一０
　
●
や
い
０
一
い
０

こ
ｏ
”や
り
０
”
仁
ｒ

Ｊ
〓
ヨ
う
Ｌ
コ
Ｌ
Ｊ
Ｊ
〓
Ｄ
　
。，

い
０
二
０
こ
Ｏ
Ｌ
や
　
田
ヨ
リ
　
，”

【
”
り
Ｏ
ａ
切
ｒ０
　
０
や
ｒ
の
Ｃ
Ｏ

り
０
何
ｒ
り
　
０
や
Ｏ
Ｌ
Ｏ
こ
０
０
　
の
く
　
．ミ

ロ
リ
ま
Ｃ
何
や
　
０
”
ョ
σ
”
一　
Ｅ
【
　
．Ｈ

Ｏ
Ｄ
口
」
０
や
∽

Ｏ
ｐ
一
り
Ｃ
Ｏ
　
Ｌ
Ｒ．ω
卜
‐
０
こ
０
ヨ



. Release Pathways

All alternatives lead to releases to the environs and the major difference among them is the
pathway(s) through which radionuclides are released. As ehovn in Table 7.43, alternatjves
(f ,  + 5 6, 7 andl)  have a single pathway, whi le others (2, 9 and l0) have nult ip le-pathways.
Th6 onsitb concrete slab alteinative (2) releases tritium to the atmosphere by diffusion
through the concrete for several years after placement in the storage areas_. The slabs are
later-p' taced in a shal low land birr ia l  faci l i ty.  The forced evaporat ion al ternat ive (10)
sirnultineously releases radionuclides to the atmosphe:'e and the river, while the natural
evaporation alternative (9) releases tritium to the atmosphere. The impacts of these
relLases depend on the pathway and the time period over which the release is nrade.

. Potential Regulatory 0bstacle!

As discussed previously,  the onsite disBosal al ternat ives (3 and 4) ar-e not considered
suitabl: because they would convert Tlil l-2 into a permanent waste repository and present
unresolved . ' roulatory issues. The offs i te bulk l iquid al ternat ives (5 and 6) could present
di f ferent regur; tory obstacles since new f ields of regulat ion would be involved.- I t  may not
be practicable to pnoceed with these alternatives due to these regu'latory obstacles.

The other a'lternatives (1, 2, 7, 8. 9, and 10) can be implemented in the framework of existing
regulat ions.

.  0f fs i te Doses

Offsite doses, based on the SDS/EPICOR II process effluent, were only determined for alterna-
t ives which affect the populat ion within 50 mi les of the Tl l I -2 si te.  Therefore, the doses
arising fron offsite dispdsal alternatives were not detemiineC and are not shown on the
table.- However, if the frocessed water is transported to ancthen location and either evapor-
ated or discharged to a'river, the doses from these operations would be comparable to those
shown for simi lar cnsi te act iv i t ies.

. Cost

The costs shown on Table /.42 include the cost of any new facilities that are needed and the
operating cost to perform the wonk required to comp'lete the alternative. None of the costs
shown include the cost of  l icensing for the var ious al ternat ives.

References― ―Section 7

爾糧

彊

鶴

彊

彊

プ

躍

趨

曜

彊

彊

躍

進

燿

一

才
ｔ
ｉ　

　
　
　
　
・≡
≡≡

1. Settlement Agreement in the matter of City of Lancaster vs. United States N1cl991 Reguia-tory
Conmission between City of Lancaster, City of Lancaster Authority, Albert B. bJohlsenn Jr.
the United States Nuclear Regulatory Commission, and the Metropolitan Edison Cor,pany, Jet:qy
Central Power and Light Compiny, and Pennsylvania Electric Qompqly, Civil &ction No. 79-1368'
t l .S. Distr ict  Court ,  Distr ict  of  Coiumbia, dated February 27, 1980.

2. Memorandun from }J.K. Lehto to J.A. 0pelka, Argonne National Laboratory, Subject: Conrpilation
of Information and Data from Visit to Tltll-2 on llay 5, 1980, dated t'lay 12' 1980.

3. Letter (with enclosures ent i t led, 1. .  Radionucl ide Distr ibut ion of Auxi l iary Bui lding.Water,
2. Agenda for December 18, 1980 l,leeting of Task_Group SC-38) f_rom 8.J. -Sryder, U.S. i{uclear
Regulatory Conunission, to F.P. Parker,Vanderbui l t  Universi ty,  December 15, 1980.

4. R.E. Brooksbank and t{ .J.  Armento, "Post Accident Cleanup of Radioact iv i ty at the Three l ' l i le
Island Nuclear Power Station," Oak Ridge National Laboratory, 0RNL/Tl'l-7091, February 1980.

5. 0.0. Carnpbel l ,  "Hot Ce' l I  Studies," Oak Ridge Natioi ,al  Laboratory, presentat ion to General
Publ ic Ut j t i t ies and U.S. Departnrent of Energy staff  members, January 31,1980.



６

　

　

７

雫雫革雫軍 評平手干マ i亨許平事1平デ 下iギ コ
下
1干T=・■ |千1;‐T〒 下

7-85

. .
'fTlfl: Data Base," released by Argonne t{ational Laboratory - l{.K Lehto, November 2L, L980.

l lemorandum from R.J. i lcConnel l ,  Argonne l lat ional Laboratory, to J.0pelka, l . l .  Chasanov,
C. Johnson, P. Tuite,  "Addit ional Revisions to Sect ion 7.0, ' r  Oecember 19, 1980.

Letter (TLL-160),  f rom G.-Hovey,,  GPU, to J.  Col l ins, U.S. Nuclear Regulatory Cormission,
"Subnerged Demineralizer System,'r April 10 1980.

I'Data Handout - Tl4I-2," as available to the TilI Working Group ineeting held at Tl'lI , l4iddle-
town PA, September 23, 1980,

Letter f rom R.E. Bnooksbank,Oak Ridge National Laboratory, to S.bJ. Ahrends, U.S. Department,
of Energlr ,  "Survey of the Stabi l i ty of  Zeol i tes in Plant-Scale Appl icat ion," December 12'  1980.

0 .0 .  Campble l l ,  E .0 .  Co l l ins ,  L .J .  K ing ,  and J .B .  Knaver ,  "Eva lua t ion  o f  Submenged Deminera l -
izer System (SDS) Flowsheet for Decontamination of High Activity-Level bJater_at the Three
l'fi le Island Unit 2 Nuclear Power Station," Oak Ridge National Laboratory, 0RNL/Tltl-7448,
July 1980.

f lFuture EPIC0R II  0perat ion,r '  Letter f rom G.K. Hovey, GPU, to U.S. Nuclear Regulatory Commis-
sion TFII Progran 0ffice, January 13, 1981.

H. Lowenberg, U.S. Nuclear Regulatory Commission, "Tr ip Report  for December 16-18,1980;"
Oecember 1980.
H.W. Goodbee, r tUse of Evaporat ion for the Treatment of Liquids in the Nuclear Industry, ' r  Oak
Ridge National Laboratory, 0RNL-4790, September 1973.

U. Yang. "Radwaste Evaporator Improvement."  Power Engineering, P. 90, Apri l  1980.

"State of the Art Review of Radioactive I'Jaste Volume Reduction Techniques for Commercial
Nuclean Power Plants,"  Oak Ridge National Laboratory, 0RNL/Sub-79/L3837/2'  Apri l  1980.

G. Lef i l latre,  rrProgress orr the Techn' iques of Bi tuminizing L' iquid Eff luents of Pressurized
Water Nuclear'Power Plants," Batte'lle Northwest Laboratory, BI{}JL-TR-196, August 1975.

J.E. Stewart,  "Volume Reduct ion and Sol idi f icat ion of Low-Leve' l  Radioact ive }r |astes," Power
Engineering, p.  64, February 1980.

l l i .B. Seefeldt et  al . ,  "Character izat ion of Part iculate Plutonium Released in Fue] Cycie
Operations," Argonne National Laboratory, ANL-75-78, l4ay 1976.

Note fron R. t . le l ler,  to 0. Lynch, U.S. Nuclear Regulatory Commission, "Decontaminat ion

Factors for High Eff ic iency Part iculate Air  (HEPA) Fi l ters in Vent i lat ion Exhaust Systems at
T! l I -2, ' r  January 12, 1981.

Letter f rom J.F. Ahearn, U.S. Nuc' tear Regulatory Commission, to H. Dieckamp, General  Publ ic
Uti l i t ies Corporat ion, January 12, 1981.

J.R. Shube' | ,  "suspended Sediment Discharge of the Susquehanna River at Conowingo Flaryland
During 1959," Chesapeake Science 13:53-58, March 1972.

A. Eaton, V. Grant,  l , l .  G. Gross, "Chem'ical  Tracers for Part ic le Transport  on the Chesapeake
Bay," Estuarine and Coastal  l ' lar ine Science, 10 -  75-83'  1980.

8.

9.

10.

l l .

12.

・３

　

・４

　

　

・５

　

・６

18.

19.

20.

21.

22.

23.

24. R. llcLean, Appendix C to letter to Dr. B. Snyder, Progran Director, Tl4I Program 0ffice from
J. Long ddted'November 20, 1980 (Included in Comments'  Appendix A).

S.! r l .  J inks and l ' , | .  E.  tJrenn,  Radiocesium Transport  in  the Hudson River  Estual ) ' , r '  Ch.  I I  in :
Envi ronmental  Toxic i ty  of  Aquat ic  Radionucl ' ides -  Models and l ' lechanisms,  M.h '1.  l i l i ' l  ler  and
J .N .  S tanna rd  (eds . ) , -Ann  A rbo r  Sc ience  Pub l i she r  I nc . ,  Ann  A rbo r ,  l ' l i ch igan  1975 .

M.G. t {o lman,  C.D.  l , leyers,  C.R.  F lynn and D.P.  Sheer,  _"Use of  the Chesapeake Qay f9r  Cool !ng
Thermal  Ele i t r ic  Power Piants,  Par ts  I  and 2,"  Atomic Energy Commission, .NYO 4250-1,  NYO
4260-2, prepared by the Department of Geography and Environmental Errgineering, Johns Hopkins
Univers i ty  Bal t imore,  l i {D,  l4ay 1972'

25,

26.



28. Rに J o h n t t n  m d■t t  L絶ぃ 賄 血対 研 都d  m t t h苗 研 研
灘 較 ! )踊 : 5    )Eggs in the Chesapeake and Delaware Canal,・・ Chesapeake Sctenc

29, L.E. Cronin, D.H. Pri tchard, T.S.Y. Koo, and V. Lotr ich, "Effects of Enlargement of the
Chesapeake and 0elaware Canal,"  pp.18-32, in:  Estuarine Processes, Vo'1. I I ,  Academic
Press, New York, 1977.

Numerical  Guides for Design Object ives and Limit ing Condit ions for Operat ion to Meet the
Cri ter ion As l .ow As Pract icable for Radioact ive Matenial  in Light-hlater-Cooled Nuclear Power
Reactor Eff luents, WASH-1258,rr  Vol.  2,  pp. F-35, thru F-40, U.S. Atomic Energy Commission,
July 1973.

Letter from S. H. Long to Dr. Bernard Snyder, Program Director, Tl4I Program 0ffice,
U.S. Nuclear Regulatory Comnission, November 20, 1980 ( included in comments, Appendix A).

"Liquid Pathway Generic Study, NUREG-0440," U.S. Nuclear Regulatory Commission, Sect ion 5.1,
February 1978.

B. G. Blaylock and J. P. | , l i therspoon "Radiat ion Doses and Est imations for Aquat ic Biota
Exposed to Radioact ive Releases from LbJR Fuel-Cycle Faci l i t ies,"  Nuclear Safety,  Vo1. 17,
No. 3, May-June 1976.

34. ' rThe Effect on Populat ions of Exposure to Low Levels of Ionizing Rad' iat ion," Nat ional Academy
of Sciences, Committee on the Biological  Effects of Ionizing Radiat ion, l9SC Report.

35. P. Slovic,  S. Lichtenstein, and B. Bishhoff ,  " Images of Disas er:  Percept ion and Acceptance
o f  R i s k s  f r o m  N u c l e a r  P o w e r , "  E l e c t r i c  P e r s p e c t i v e s ,  V o l . 7 9 ,  N o . 3 ,  p p . 8 - 2 0 ;  a n d
C. Hohenemserr R. Kasperson, and R. Kates, "Distrust of  Nuclear Power," Science, Vo1. 196,
pp. 25-34, Apri l  1977.

36. B.P. Dohrenwend et al . ,  "Tecnnical  Staff  Analysis Report  on Behavioral  Effects to President 's
Commission on the Accident at Three l4i le Is land." October 19/9.

=と こと二■=_と とと二 二_二 二 と ご二 _二 _一 _■と一一ニ ー____二 __

7-86

27. . "Final Environmental Statenent Related to the Proposed Sunmit Power Station Units 1 and 2,
U.S.  Atomic Energy Commission,  Ju ' ly  1974.

Interviews with t . l .R. Pr ier,  0f f ice of Seafood Market ing, Maryland Department " f  Economic and
Community Development,  on 0ctober 30, 1980; and T.J. Bi l ly,  Nat ional Marine Fisheries Servict ! ,
U.S. Departnent of Commerce, on November 5, 1980.

D.L. Long and C.t{ .  Coale, Jr. ,  "Seafood Consumption Patterns," Research Report  148 182,
Department of Agricul tura' l  Economics, Virginia Polytechnic Inst i tute and State Universi ty,
Blacksburg, Virginia,  March 1972.

" Impact  o f  Contaminants  on  Ang1 ing , "  The Spor t  F ish ing  Ins t i tu te ,  SFI  Bu l le t in  No.289,
0ctober 1977; " Impacts of Aquat ic Contaminants on Angl ing," SFI Bul let in No. 293, Apri l  1978,
Washington, DC; and J. Kauffman, "Effect of  a l4ercury-Induced Consumption Ban on Angl ing
Pressure :  South  Fork  o f  the  Shenandoah R iver ,  V i rg in ia , "  F isher ies  Vo l .  5 ,  No.  1 ,  January-
February 198U.

' "Ca l i fo rn ia  
Anchovy  Reduct ion  F ishery , "  The Spor t  F ish ing  Ins t i tu te ,  SFI  Bu l le t in ,  No.  280,

November-December 1976, and SFI Bul let in No. 293, Apri l  1978, Washington, D.C.

41. J.  Beck, "Alarm Grows 0ver Kepone in Bluef ish," Washington Star,  July 27, 1976.

42. "B' luef ish Ref lect Kepone Presence," Queen Anne's Record 0bserver,  July 28, 1976, and
B.  Peterson,  "Md.  B lue f ish  Safer :  Manc le l , "  Wash ing ton  Pos t ,  Ju ly  30 '  1975.

43. J.  Frye, "Virginia Industry Likely Vict im of Kepone," Nat ional Fisherrnan, 0ctober 1976.

44. D.G. Swartz and I .E. Strand, Jr. ,  "Avo' jdance Costs Associated with Imperfect Information:
The Case of Kepone," Scient i f ic Art ic l ,e No. A2817, Contr ibut ion No. 5867, Maryland Agricul-
tural  Experiment Stat ion.

30.

31.

32.

33.

38.

39.

40.



7-87

器ま鐸譜ド機 器p酬端鮒 酬部幹千菟搬だ離評
ガ

liiis:!:|:!1苦i!;lil討卜:盤|:給ltii!:」||:|:昭iit::需|::::lcil!:!ii‖i!:告骨l:::告i:十i柱‖|liitiiC
Sとlieil持|::s∬品化、結堺描。キIⅢ化部輪絲料冊留i稲rず札品持獣 S On the

一ギ
ｉ
ｆ
ｉ一客
〓
■

45.

46.

力
，



8.  SOLID WASTE PACRAGING AND HANDLING

揮

一一一！一一糧
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一率

十一一一i:i:ii:lifili!告li!ili↑lli骨|!|:iii:!|:まi!il:|liillliせilifl:;tli!i:!:i!li!ll:il
試闘  盟 韻キ  槌 胃詳:|[il:キilii:iili!キ!:i::,
the alternatives considered for thetr packaging and handling, and the impact of these operations.

The wastes that could be generated have been divided into fOur major categories that are related
to their source or physiCal form:

鵠 抽 瑠縄 f珊製網マ 群盟ど翻盟1蝉縄齢
once‐through treatment of llquid wastes a130 are

:増:増;肯:岩百:信得ギ増肯fttfi浮|す1洋告ま事ギ彗1甘1苦ざと。it盟‖品atillil“ radioactive wastes generated from ・・hands‐on・・
F systems that have not been treated to generate

process sollds.

猛 融 認 鉾
縦 紳 堺盟 苦

eぶ
縦∬鞠鮮 翻榊 品T縛柵 岬

~

― The radioactive materials removed from the reactor

i‖,。胡竜.rypeS Within each of these categortes are discussed separately in Sections 8。1

8。l  PROCESS SOLID WASTES

Packaging and handling of contaminated sludges generated by the accSdent and of process solid
wastes that could arise from treatment of accident water and decontaminat5on liquids are discussed

絵 鵠 憾 路 輔 寵e鑑 輔 蝶 罫 封 塊
耳 惜 i鮒 郡

n程
瑞 轡 株 跳 船

d

!vaPorator bottoms, and bituminized materials.
The waste forms that could be generated from treatment of the various liquid waste sources are
listed in Table 8,l and discussed in detail below.

8.1.l  Status and Specific Considerations

The status of the proces5 501id Wastes generated through September 22, 1980, and the practices
used to package, handies and store these wastes are summarized in this subsection.  The amounts
of the varlous typeS Of Such wastes that could be generated by processing of llquid wastes and
decontamlnatlon of varlous systems are estimated.

*0ther inorganic ion-exchange media may bre used with or in place of zeol i tes.
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8.1.1.1 Efforts to Date

The work performed through Septemben 22, L980, involved processing of AFHB accident water with
the EPIC0R II system and-resuited in the generation of expended ion-exchange media. The charac-
ter ist ics of th-ese media are summarized fn Table 8.2. Al l  the l iners* l isted in the table are
being stored onsite in the EPICOR II  storage faci l i ty (see Appendix Q for descr ipt ion).  .11
compliance with the'Commission's order of October 1979 to s-ol idi fy these wastes_prior to shi .p-
ment,  the l icensee has been invest igat ing the use of cement. l  In addit ion, the l icensee has been
invest igat ing al ternat ives to sol idi f icat ion of these wastes onsite.z

As contaminated l iquids ane passed through the EPIC0R II  system and the ion-exchange media_become
loaded.with radioait ive coni,aminants removed from the l iquids, the expended media are replaced
with new l iners. The steps involved in the removal of  expended l iners from the EPIC0R II  system
and their  subsequent handl ing are as fol lovls:

.  Disconnect ing the connect ions between the resin l iners and the EPICOR II  system

. Capping l iner inlet ,  out let  and vent connect ions

. Tr ihsfer of the expended resin l iner to a bottom-loaded, bel l - type transfer cask
mounted on an overt iead monorai l  (mixed-bed third-stage l iners are handled unshielded)

.  Placement of the transfer cask l iner into a top- loaded, reinforced-concrete shield
mounted on a flatbed truck
Transport  (within the si te boundaries) of the doubly shielded l iner to the onsite
storage faci l i ty

.  Removal of  the bel ' l  t ransfer cask from the truck-mounted shield with a crane

. t4ovement of the bel l  t ransfer cask to a posit ion above the storage module

. Placement of the l iner wjthin a shielded storage nodule

. Closure of the storage module with a concrete shield p1ug.

The radiat ion exposure of personnel involved in transfer of these l iners to the storage area has
been about 6 perion-rem.3 

'This 
corresponds to about 85 person-mrem per l iner transferred.

8.1.1.2 Projected Requirements

The di f ferent types of process sol id wastes that could be generated a1d t f9 cur ies of radio-
act iv i ty that w-ol ld be removed from various I iquid waste streams and deposited on these sol ids
were l ' isted i  n Tabl e 8. 1.

To est imate the quant i t ies of process sol id wastes that could be_generated, the staff  def jned
best- and worst-cise condit jons that bound waste quant j t ies as fol lows:

- Best-Case Condit ions. Liquid wastes are assumed to be treated using the methods that
f f i t e v o i u m e s . W h e r e s p e c i f i c a c t i v i t y o r c u f i e c o n t e n t p e r u n i t o f
fhe process sol id waste type could be var iable, the maximum curie content is assumed.
(The'greater the amount oi  radioact ive contaminants al lowed to be accumulated on a
i ing tJ  ba tch  o f  res ins ,  fo r  example ,  the  smal le r  the  to ta l  vo lume o f  res ins  tha t  w j l l
be iequired to remove i  given amount of contaminants from the l iquids._) -Th-ese minimun
volume project ions for prbcess sol id waste generat ion are shown jn Tab' le 8.3.

-  Worst-Case Condit ions. Liquids are assuned to be treated using the methods that gener-
f f i u m e S . W h e r e s p e c i f i c a c t i v i t y o r c u r j e c o n t e n t p e r u n i t o f t h e
process sol jd waste type could be var jable, the minimum curie content was assumed.
tThe smal ler the amou-nt of  radioact ive contaminants al lowed to accumulate on a__single
batch of resins, for example, the greater the total  volume of resins that wi l l  be
required to remove a given amount of contaminants_ from the l jqujds.)  These maximum
vofume project ions foiprocess sol id waste generat ion are shown jn Table 8.4'

The process sol id waste volumes shown jn Tables 8.3 and 8.4 were used to eva' luate al ternat ives
and iharacter ize process so' l id wastes throughout this sect ion.

*The , , l iners , ,  a re  the  conta iners  hous ing  the  ion-exchange mater ia l .
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Table 8.2. Summary of EPICOR II t/aste Packagesa

Package

Tatal

lon‐Exchange

Media Volume

(ft3)

Number
of Liners

Li nerb
Si ze

Flaximum Liner
Range of Curie Radiat ion Level

Loadings per Liner (R/hr)

Prefilter lSner
(30 ft3/1iner)

'・:38d干::ラiinとller
Thii:3Siig,1li[景

;

1470c

420

730

4 ・D X 4 ・ H

4 . D X 4 ・H

6 ・D × 6 8 H

to 1300d

to 6of

t o 5

1500e

50

5

10049

14

aThese media are currently being stored in the dewatered condition.●||‐ SD‐ |い ●uコ ロ 01●  ヒ uコ |● IBし 口y り ● :Hu ョ しυ l● u ,w し HE uEWaし じ ,こ u し uHulし 8じ ,B.      、

bLiners are carbon steel.

cl.lay be mixture of organic and inorganic.
d30 l in . r ,  a re  in  1200 to  1300 C i  nange,14  l inens  are  in  the  800 to  1200 C i  range,21 iners
are in the 400 to 800 Ci range, 3 l iners are in the 100 to 200 Ci range. These-l6adings do
not include the daughter products of Cs and Sr which would increase the total  Ci 's by 50f l .

el ' laxinum hot-spot radiat ion level on i iners in 1200 to 1300 Ci range. Average radiat ion Ievels
in R/hr are about 0.8 t imes curie content.

fFive l iners are in the 10 to 60 Ci range, remainder are below 10 Ci.
Source: "Data tiandout-Tl{I-2," as available to the Tltll Working Group Meeting held at Tlil l,
l i l iddletown, PA, September 23, 1980.

8.1.2  Alternative Methods Considerod

The techniques used to treat,  package, and handle each of the var ious types of process sol id
waste matenials that could be generated depend on the physical characteristics of the waste form
and i ts specif ic act iv i ty or cur ie content.

8 .L .2 .1  Acc ident  S Iudge

The volume of accident sludge that could be generated from cleanup of the AFHB and reactor bui ' ld-
ing is est imated to be about 250 f t3.  Ttre est imated_specif ic act iv i ty of this s ' ludge could range
from 1.5 Ci l f ts in the reactor bui lding to 50 Ci l f t3 in the AFHB.4 iherefore, the-pee:kaging aiO
handl ing operat ions for s ludge wi l l  require the use of remote techniques.

Alternat ives considered for s ludge are dewater ing or immobi l izat ion with cement or with vinyl
ester styrene. In each case, the sludge could be packaged in S5-gal lon drums or large l ' iners.
The naximum waste package product ion would involve immobi l izat ion with cement or vinyl  ester
styrene and packaging in 55-ga' l lon drums. The minimun waste package product ion would involve
packaging dewatered sludge in 4-f t-diameter by 4-f t-high l iners with a capacity of 45 f t3.  The
quant i t ies, container character ist ics,  and maximum radiat ion levels of packaged sludge under
these maximum and minimum condit ions are givern in Table 8.5. To date, no proposal has been made
by the l icensee on whether to dewater or immobi l ize the sludge.

The high specif ic act iv i ty of the AFHB sludge wi l l  lead to container radiat ion levels up to
2500 R/hr.  Since these levels are in excess of those experienced to date with EPICOR II  pref i l -
ter l iners of the same size, they could present handl ing and persotrnel radiat ion exposure prob-
lems. Therefore, drums are the preferred container for AFHB sludge packaging.
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Tablt  8.5. Accident SIudge Packages--Minimum and Maximum Waste Generat ion

AFHB Sludge
Reactor  Bu i ld ing

Sl udqe
Factor Mi nimum Maximum Minimum Maximum

Original volume (f ts)

Process used
Volume increase factor
Contai ner
Haximum Cilpackage

l4aximum surface radii
a t ion  leve l  (R/hr ) "

Number of packages

150
Dewaten

1
50 ftsa
2700

2200
t J

150
Immobi I  i  ze

1 . 6 5
Drum
250

200
36

100
Dewater

1
50 ft3a

72

50
* l

100

Immobi I  ize
1 .  65
Drum
7

5
\ 2 4

tsO-ft t  l iner with 45-f t3 capacity.
bBased on  0 .8  R/hr  per  cur ie .

8 . 1 . 2 . 2  Z e o l  i t e s

Zeol i tes are ef fect ive ion-exchange media for  removal  of  cesium. For  the a l ternat ive t reatment
systems under considerat ion,  zeol i te  ion-exchange vessels are used as the f i rs t  s tage in a mul t j -
s tage t reatment  systen.  Each vessel  is  made of  s ta in less steel ,  has an in ternal  vo lume of  10 f tg
and is  loaded wi th between 8 f ts  and 10 f ts  of  zeol i te .  T l re amount  of  radioact iv i tv  that  can be
removed  by  zeo l i t es  i s  ex t reme ly  h igh ;  spec i f i c  ac t i v i t i es  i n  excess  o f  15 ,000  C j / f i 3  o f  zeo l i t e
can be achieved wi thout  radiat ion damage to the ion-exchange mater ia l .  Thus,  the l jmi ts  on the
radioact iv i ty  in  the zeol i te  vessels a ie based on shie ld in-g requ' i rements and remote handl ing
techniques rather  than on ion-exchange media stabi l i ty .  I f is  expected that  these zeol i te  ion-
exchange .vesse l s  w i l l  be  l oaded  w i th  be tween  10 ,000  and  120 ,000  C i  each .  The  h ighe r ' l oad ' i ngs
w i l l  n i n im ize  con ta ine r  hand l i ng  and  resu ' l t an t  exposu re ,  as  we l l  as  t he  number  o f - sh ipmen ts  i nd
volume to be d isposed.  Even wi th the ' lower loadings of  radioact ive mater ia ls  (predomi lated by
30 -yea r  ha l f - l i f e  rad io i so topes ) ,  t he  zeo l i t e  con ta ine rs  canno t  be  hand led  o r  d i sposed  o f  as -
low- level  radioact ive waste.  Present  in tent ions are for  in ter im storage of  zeol i te  ion-exchange
vessels at  the p lant  s i te  f_ol lowed by t ransportat ion to a federal  government  fac i l i ty  for  t .eat-
men t  and  even tua l  d i sposa l . 5

Current ly ,  the pr imary a l ternat ive for  managing s imi lar  zeol i tes produced at  feder 'a1 government
fac i l i t i es ,  wh i ch  a l so  cou ld  be  app l i ed  t o  zeo l i t es  f r om TMI ,  ' i s  t o  com ing le  t he  ma te r j a l  w i t h
h igh - l eve l  was te  s l udge  be ing  s to red  i n  t anks  pend ing  the  ava i l ab i l i t y  o f  l . c j l i t j es  t o  immob i -
I i ze  t he  was te .  A l t e rna t i ve l y ,  t he  TMI -2  ma te r i a l s  cou ld  be  p rocessed  sepa ra te l y .  Even tua l
immob i l i za t i on  i n  a  bo ros i l i ca te  g lass  i s  now cons jde red  to  be  the  p re fe r red  app roach ,  a l t hough
developmental  work on ceramics cont jnues.  Af ter  immobi l izat ion and packaging,  the waste would be
stored unt i l  a  geologic reposi tory is  developed.

Some developmental  v ;ork has been done on e lubion of  Cs-137 f rom zeol i te  res ins,  wi th subsequent
storage of  the e luate for  eventual  immobi l izat ion.  In  the event  that  waste forms conta in ing
zeo l i t es  a re  unaccep tab le  f o r  d i sposa l  i n  a  h igh -1eve l -was te  repos i t o r y ,  e l u t i on  o f  t he  ac t i v i t y
f rom zeo l i t es  may  be  requ i red .  Howeve r ,  app l i cab i l i t y  o f  t h i r ,  p rocedu re  to  spec i f i c  cond i t j ons
of  the Tl ' l I  zeol i te  would have to be ver j f ied before th is  l i rn i ted t reatment  opt ion could be
cons i  dered.
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The v。lume of zeolStes that could be generated depends on the treatment system selected and the
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Table 8.6.  Generation of Zeolite Waste‐ ‐Minimum and Maximum Alternatヽ ves

Source of Treated
Liquid |laste

Minimum Generat ion Maximum Generat ion

Volume (ft3)a    curiesb Volume (ft3)a    curiesb

1. Re品
:t:lCbuilding sump

RCS waterd

SDSe

Modified EPICOR II

RCS flush and draind

SDSe

Modified EPICOR II

RC:。
1岳il:|:甲

i natiOn

48

16

16

８

　

　

８８

2.

4.

500,000

20,000

20,000

2,000

542,000

432

48

96

16

592

500,000

20,000

100,000

20,000

640,000Total

aBased on gross cur ies removed and est imated zeol i te loading per cubic foot.
bTot" l  est imated cur ie content in source. Zeol i tes wi l l  remove 98+ percent.
cRange based on minimum zeol i te loading of 1250 Ci l f t3 and maximum zeol i te loading of
15 ,d00 c i l f t s .

dBased on zeol i te loading of 1250 Ci/ f t3.
eAl l  versions of zeol i te-based sysl :ems considered for these l iquids have the same
zeo l i te  load ing  o f  1250 C i l f t3 . -

fcRH oecon al ternat ive only.
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8.1.2.3  0rganic Resins

!:辛]n:isざ塔品鋪滞協絆鞘淵途鑑 瑠
tSve treatment mlthods being considered.  Cenera

ii::il:どざli十謎需告i網号七iキ‖lllilユsiiiSt:
H i g h ' S p e c i f i c ―A c t t t t y  O r g a n i c  R e s i n s

The quantities and characteristics of the orgalic- resins generated from EPIC0R _II system treat-
manr 'n f  aF l {R er r i r tan i  ua len  rne  dcccn ihcd  i r iTab le  8 -2-  

*As  
shown in  tha t  tab le .  f i r s t -s taqemtnt-oi  AFHB accident waten are descr ibed in Table 8.2. 

-As 
shown in that table, f i rst-stage

pnef i l ter l iners contain about 30 f t3 of organic resin with a specif ic act iv i ty- of  10 to
[O-CiZi iE. t t i is aCtiv i ty level,  coupled with- the cesium and stront ium content of these ion-
exchanoe materials. oreciudes their beinS handled and d'isposed of as rorttine low-level radio'exchange materials, prec r being handled and d'isposed of as rortt ine low-level radio-

49 ore i i l ter  l iners fa l i  in to th is  category of  h igh-speci f ic荘こ市石
ヨ
己a百ここ子

‐‐
子品むこと

率舞豆ユ凛手、提瑞ダ!l:ei(q i‖:lil[置11111と早ま培ltti嘉!発祐苫消化辛岳nよfg告子:'♀it[iC~arや S、コSや、′ tJa t,a   Tha rtiこここi↓ity~酪轟Le.十有穐さhattctttristics・of the 49 prefilter ttners and of ttdditional prefilter
Hners that codd be generated if the EPICOR II薔

描ど淵習品古盲『輪ぱ料湯断祥路拙翼挑輔
given in Table 8.7.  The EPICOR II resins curre3git;- in iaOie-8.2.- i tre-eplCbn tt iesins cumeni' ly are being storg.d i .n carbon steel vessels in
[he dewatered condit ion in shielded modules at the p1ant. As indicated in Sectjon 7.1, the
gplCOC lI system is being considered for treatment df RCS water and RCS flush and drain water.
Sinie ttre g-rosJ curie content of these liners would be comparable to that of liners generated by
treatment ol nfHg liquids, the liners would be handled and disposed of the same way.

Table 8.7. Generat ion of High-Specif ic-Act iv i ty 0rganic Resins--
Minimum and l' laximum Alternatives

Source of Treated
Liquid Waste

Minimum Generat ion

Volume (ft3)    curieSa

Maximum Generat ion

Volume (ft3) Curi  esa

1.

2.

3.

AFHB aecident vaterb

RCS water

RCS flush and drain water

Total

1,380

540

540

2,460

54,500
19,900
19,900

94 ,000c

1,380

540

2,690

4,610

54,500
19,900

99,500

174,000c

aDetailed information on EPICOR II is proprietary. Curies were estimated from actual
performance with AFHB liquids extrapolated to other sources.

ho46 high-specif ic-act iv i ty pref i l ter l iners in storage as shown in footnote c on
Tab le  8 .2 .

cRounded to nearest thousand.

500 R/hr to 1500 R/hr, there i3 a potential for
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the module sump. In the event the liners develop leaks, the storage module would prevent the
migrat ion of the smal l  quant i t ies of l iquids which could be present in the dewatered l iners. The' l icensee 

is planning to penform tests oir  l iquids pumped froni a repnesentat ive pref i l ter l iner to
assess the corrosion potent ial  of  the l iners. The DOE wi l l  a lso perform an invest igat ion of the
resins and the corrosion effects of an actual liner to determine if resin degradation is occurring
at the rates projected from small-scale laboratory testing. In the event these investigations or
actual experience conf irm the concerns regarding l iner integri ty,  the l icensee wi l l  be required
to take appropriate corrective actions such as use of overpacks. The staff requested the licensee
to develop cont ingency plans for possible correct ive act ions. The I icensee has informed the NRC
staff  that future operat ions of EPIC0R II  wi l l  not use organic resins in the f i rst-stage pref i l ter
l iners.6'7 Only inbnganic ion-exchange media wi l l  be usei in these l iners in the futuie. '

Unt i l  these high-speeif ic-act iv i ty wastes can be shipped offs i te,  they wi l l  be placed in the
concrete inter im waste storage faci l i ty.  Because of their  character ist ics,  these mater ials
cannot be disposed of using rout ine methods at low-level disposal faci l i t ies. The most pract i -
cable alternative is to transfer these wastes to an existing federal government facility for
future processing and eventual disposal.  Other less desirable al ternat ives include processing
onsite and/or packaging in a high- integri ty container for special  disposal at  commercial  LLW-
burial  s i tes. The offs i te al ternat ive treatment techniques at fedenal government faci l i t ies,
which wi l l  have to be demonstrated for specif ic app' l icabi l i ty to the condit ion of the TMI resins,
i  ncl  ude:

.  Storage as a sludge in tanks at government faci l i t ies pending eventual immobi l izat ion
when fac i l i t i es  a re  ava i lab le .

'  Incinerat ion of the conbust ible mater ial  to reduce volume and mass, fc l lowed by immobi-
l izat ion of the residue. A nunber of incinerat ion faci l i t ies be' ing developed for use
with transuranic wastes might be capable of modif icat ion for inc' inerat ion of high-
specif ic-act iv i ty wastes. These include:
- Control led air  incinerator developmental  uni ts
- Cyclone incinerator
- Rotary-ki ln product ion unit
-  Slagging pyrolysis incinerator.

.  Acid digest ion of combust ible waste. This is a potent ial  al ternat ive for t reat ing the
organic resins that would result  in substant ial  volume reduct ions (>60).

.  Elut ion of selected rad' ionucl ides (Cs-137, sr ' -90) from the resins onto more stable
inorganic ion-exchange media (zeol i tes).  The loaded inorganic ion-exchange media could
be stored for eventual immobi l izat ion. I t  should be noted that al though signi f icant
development work has been done at federal  government faci l i t ies on elut ion of organic
resins, the processes have been deve' loped for highly alkal ine systems and would require
adaptat ions for use on Tl '1I  resins. This factor and the quest ion of cost ef fect jveness
for such a process requires careful  evaluat jon of the feasibi l i ty of  this approach.

For each of the al ternat ives described'above, the DOE faci l i t ies and staff  have experience with
simi lar operat ions. The various federal  government faci l i t ies at which these treatment al terna-
t i ves  cou ld  be  per fo rmed and the  s ta tus  o f  the i r  ava i lab i l i t y  a re  descr ibed in  Sec t ion  9 .1 .3 .3 .
Because of the existence of these DOE faci l i t ies w' i th experienced staffs,  i t  is the NRC staff 's
view that these are logical  places (as opposed to the TMI si te) for further processing and inter im
storage of the higher specif ic act iv i ty mater ials,  pending ul t imate disposal.

Low-Act iv i ty 0rganic Resins

The organic resins that have been or would be generated from second- and thjrd-stage ion-exchange
vessels have act iv i ty levels and contents that appear to be simi lar to organic resins from other
nuclear faci l i t ies and could l ikely be handled and disposed of as low-level radjoact ive wastes
provided the isotopic concentrat ' ions are s, imi ' lar to other resins. Some of these mater ials,
generated by the EPIC0R II  system, are alreirdy in storage at TMI. Addit ional quant i t ' ies could be
generated through the continued use of EPICIIR II for AFHB water and use of the alternative treat-
ment systems, such as the SDS and modifiecl EPICOR II treatment of primary system water. As
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low-level radioact ive wastes, these resins could be immobi l ized pr ior tc offs i te transport  ,or
disposal.  Immobi l izat ion techniques are discussed in Appendix H, and both cement and vinyl  ester
styrene binders were considered for immobi l izat ion of organic resins.

The quantities and characteristics of orgaiic resins ttrat could be generated depend on the treat-
ment 'method(s) selected and the binder miter ial  used for immobi l izat ion. To bound these quant ' i -
ties, best- and worst-case conditions wene considered.

Maximum Package Product ion. Systems using evaporat ion fol lowed by resin pol ishing are
. . . f f i a t m e n t o f r e a c t o r b u i l d i n g s u m p 1 i q u i d s , a n d r e a c t o r c o o l a n t
: '  system decontaminat ion l iquids. The modif ied EPICOR II  system is assumed to be used

for treatment of primary system water and reactor coolant systen flush and drain liquids.

-  Minimum bJaste Product ion. Systems using zeol i tes fol lowed by organic resins pol ishing
ane assume-tiT6-6ffiEtl-for treatment of reactor building sump water, primary system
water,  and f lush and drain l iquid. Al l  resins wou1d be immobi l ized.

The quantities and characteristics of the resins already generated by EPICOR II and those that
could be generated under the assumed bounding condit ions are summarjzed in Table 8.8.

Table 8.8. Generat ion of Low-Act iv i ty 0rganic Resins--
Minimum and l , laximum Alternat ives

Source of Treated
Liquid Waste

Minimum Generat ion Maximum Generat ion

Volume (ft3)     ci Volume (ft3)     ci

1.  AFHB accldent watera

2.  RB sump water

SDS/Modified SDS

―   SDS/EPICOR II

3.  RCS accldent water

SDS/Modified SDS

Modified EPICOR IIb

4.  RCS flush and drainC

SDS/Modified SDS

Modified EPICOR II

5,  Water Based RCS Decon―
tamination

Tctal

1200 260 1200

390

540

1970

140

4240

260

200

200

200

140

1940

０

　
　
　
　
　
　
　
０

一　
　
８

　

　

　

　

一　
　
〇

500

30

０６

　
　

一

"rpIcOR II  system resins in storage.
bWaste volumes based on staff estimate.
cBest case removes 20,000 [ i ;  worst case removes 100,000 Ci.
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8.  1 .2 .4  F i  l te rs

l4ost of the treatment alternatives being considered invo'!ve use of fitters to remove particu'lates
upstream of the main-processing system.- These filters can be eithe:" the cartridge or'ihe preioii
type. The volume of waste represented by these filters nould be small in compaiison with'other
waste volumes generated by-a treatment piocess. However, the radioactivity lLvel of these fil-
ters would be relat ively high in companison with the radioact iv i ty levels 

-of 
second- and third-

stage organic resins, and thCy may albo contain fuel  part ic les and-uranium and plutonium.

T9 !!te' most of the. filter configurations considered have been of the cartridge type, and the
staff  has based i ts character izat ion of these process sol id wastes on use of thi i  tJ iebr f i t ie".
Three different size cartri.dge.s have_ been considered. Cartridge assemuitei (s incn6i-oiameier-6y
26 inches high) with an extel ior volume of about 0.5 f ts wereions' idered forremoval of  fuel  and'
core debris from the neactor cooling system water during defueling. lJhen systems include zeo-
l i tes, -q-19-f ts f i l t t r .  is.usq{ upst iea-m cf the zeol i te iessel.  A- l imiteC n'umber of relat iveiy
large (95. inches diameter by 35 inche: hiSlr)  core f i l ters could also be generated. The quani i ty
of.cartridge-tyRe filters generated depends on the particulate content 6t ttre influent dnd the-
radioact iv i ty le_v-el  to which the f i l ters can be loided. The est imateo quant i t ies of f i l ter
cartr idge assemblies that could be generated are presented in Tab' le g.9.

The smal ler,  0.s-f ts f i l ters used for l iquid waste pretreatment that contain no fuel  part ic les
can.be dispolqd of_-as low-level radioact ive waste in ' the dewatered condit ion. They can Ue reaCitypackaged in 55-gal lon drums, each containing seven assemblies. f , lhen these same of s imi lar-sjzed'
cartr idges contain core debris or fuel  par[ ic les, such cartr idges may have to be handled as
either transuranic gr l i9! :qpqcif ic-act iv i ty wast6. In ei ther cise, dhey wit ' t  have to be stored
onsite until suitable faiil it ies are prcvided by t-he _federal government-(Department of fnergyl-.-
They will have to be packaged in a manner that s-atisfies U.S. 

-Department 
of'Energy requireme"rit!.

The zeol i te.  fVsten pref i l ters are sel f  contained in that the cartr idge assembly also can serve as
the disposable container.  Repackaging of these f i l ters is not necesiary.

In the event the larger core f i l ters are generated, special  containers wi l l  have to be fabr icated
to accommodate their unusual configurations.

Tabie 8.9. Generat ion of Spent Fi l ter Cartr idges

Source of Treated
Liquid Waste

Fi l ter Cartr idge Type and Loading _
SDS Typea Inline Tvpel Core Tvpec _

Quanti ty Curie/Unit  Quant i ty Curie/Unit  Quant i ty Curie/Unjt

11

20

1,

2.

Reactor bui lding
sump water
RCS f lush and drain water

RCSe
Reactor coolant
drain tank

RCS aqueous decorrtami-
nat ion solut ions

<100

<100 20-200d

6d

<50

40

20

3.

410-f ts stainless steel assemblies used with SDS-type systems.
b*-0.5-f t3 cartr idges used for pre- and postremoval of  part iculates and ion-exchange media
f i  nes.

c8-f t  diameter x 3-f t  high cartnidge used to:"emove part iculates during defuel ing.
dCould contain fuel  debris and would be handled with spent fuel .  Range of uni ts depends
on ex ten t  o f  par t i cu la tes  mob i l i zed  dur ing  de fue l ing .

eRange o f  spent  f i l te rs  depends on  ac t iv i t y  in  sys tem ( i .e . ,20 ,000 c i ,  o r  100,000 c i ) .



8-13

8.1.2.5 Evaporator Bottoms

Evaporator bottoms could be generated through the use of an evaporator to reduce the volume of
AFHB/reactor building and RCS decontamination solutions.

Current pract ice is to inmobi l ize AFHB and reactor bui lding chemical decontaminat ion solut ions
with vinyl ester styrene, and the staff is not aware of any reason to discontinue this practice
(see Sec. 8.2).  In-contrast,  the relat ively large vo' lume of chemical decontaminat ion solut ions
that could be'generated from decontaminat ion-of the pr imary system (500,000 gal lons) and the t ime
frame in which these l iquids could be generated (after defuel ing) make the use of evaporat ion an
attractive al ternative.

The characteristics of packaged waste that could be generated if 500,000 gallons of chemical
decontaminat ion solut ions are processed through an evaporator are presented in Table 8.10. The
minimum and maximums shown are based on varying the volume reduction factor from 10 to 30. As
shown in the table, i t  has been assumed that t t rese wastes wi l l  be immobi l ized ei ther with vinyl
ester styrene or c6ment and packaged in S5-gal lon drums. The use of 50-f t3 ' l iners would reduce
the numb-er of packages shown'by a- factor of 6.4 and increase the curie content and radiation
levels shown by a factor of 6.8. If the CAN DEC0N technique is used for reactor coolant system
decontaminat ion ( treated by ion-exchange techniques) or i f  these chemical decontaminat ion solu-
t ions are not treated by evaporat ion (see Sec. 8.2),  the minimum packaged waste volume would be
zero.

Table 8.10. Character ist ics of Packaged Evaporator Bottoms--
Minimum and l' laximum Generation

Minimum Generat ion Maxinum Generat ion

Or ig ina l  vo lume (ga l lons)

Volume after evaporat ion
(ga l  I  ons) "

Package type
Volume increase factor

h
Number of packages-

Average Ci per packagec

4と9[]ge Surface radiation
avolume reduction factor of 10 for maximum and 30 for minimum.
bBased on 30 gal lons per package for v inyl  ester styrene or cement.
cBased on 20,000 Ci inventory. Could be as low as 2000 Ci which would
reduce act iv i ty levels and curie content to 10 percent of values shown.

dBased on 0.8 R/hr per cur ie.

8 . I .2 .5  B i tu rn in ized  Mater ia ls

Bituminized mater ials could be generated through the use of a bi tumen,/resin system to reduce the
volume and immobi l ize AFHB/reactor bui lding and RCS decontaminat ion solut jons. This one-step
volume reduct ion and immobi l izat ion system direct ly immobi l izes the waste in bi tumen. The other
waste forms generated include organiC resins. For the reasons stated above jn Sect jon 8.1.2.5,
i t  is doubtf l l  t t rat  this system would be used for the AFHB/reactor bui lding solut ionsl  however,
i t  could be used for RCS decontaminat ion solut ions.

500,000

16,700

55-gallon drum

l.65

560

36

30 R/hr

500,000

50,000

55-gallon drum

l.65

1,670

12

10 R/hr
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The characteristics of the waste that could be generated if 500,000 gallons of chemical deconta-
minat ion l iquids.are processed through a bi tumein/resin system jre pr:esented in Table 8.11. The
system considered is designed to package bituminized waite in drunis, and there is no reason to
change this.package..  Qrgan-�g resihs could be packaged and immobi l ized with cement or vinyl  ester
styrene w' i thin the denineral izer vessel.  Al teinat ively,  the organic resins could be remo-ved from
the demineral izer vessel,  combined with l iquid waste, ind proceised through the extruder/evaporator
for packaging in drums

Table 8.11. character ist ics of waste Generated from Bitumen/Resin system

Characteri sti cs
Bituminized

LiquSds
0rgani  c
Resi  ns

()r ig inal  volume (gal lons)

Volume after evaporation
in extruder (gal lons) '

Package type
Volume increase factorb
Number of packages

Average Cilpackagec
Average surflce radiation
level (R/hr) '

500,000

25,000

55‐gallon drum

2

l,000

20

NA

NA

50-ft3 1iner

l . 5

2

5

416

avolume reduction factor ol 20.
bBased on 50/50 weight percent bi tumen/waste sal ts.
cBased on 20,000 Ci inventory. Could be as low as 2,000 Ci,  which would
reduce act iv i ty levels and curie content to 10 percent of values shown.

dBased on 0.8 R/hr per cur ie.

8.1.3  Detaギ15 0f Methods and Facilities

Process solid wastes arise from treatment of ]iquid wastes, and, as discussed in Section 7.1)

3と1景古
ni七
潜dと,:ln研協efi増錦習

enキ
だどf想紺i品ゴ甲謎:艦革捕送よ塩冊糖晶環ぜ

格181i柑牝f帖譜督描肘鮮札器‖跳
i端
ド品帯晶ぎ寄聞 bとをnt3:景ef駐富粘s。塩着ぱ品黒醜.8.1.3.l  Accident Sludge

The bounding conditions for generation of packaged accident sludge were presented in Table 8.5
based on the conditions described キ n Section 3.1.2,1.  The relatively high speclfic activity of
AFHB sludge precludes the use of large, 50-ft3 containers.  No decislon has been made on whether
these materials would be packaged il a dewatered or an immobilキ zed state.  However, so as not to
foreclose future treatment of thesO materials because of their high specific activity, Packaging
in the dewatered state is preferred.  Thus, based on the information currently 3Vailable on these
materSais, it is assumed for this analysis that AF‖ B sludge wi1l be packaged in 55-ga1lon drums
in the dewatered condition.

The radicactivity level of reactor building sludge permSts the use of either dru口 s or large
containers and disposition as low― level radiodctive waste.  Under current requtrements for
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can b●  Packaged in the dewatered condition.  If
i elements with concentrations in excess of

suranic (TRU)wastes.  under these conditions,

|:せllii↓キli:i3岩i告:‖::‖fl:キtl;!i:常』i:i骨景|:子岳:甘il:r
ludge that could be gerlerated are shown in
tge is disposed of as low-level radioactive waste

ln::e::8廿i:9 :]m:をiとを言itiR] :fe l岳景ie lliを:景t :‖8
cヽent.

Table 8.12.  Character is t ics of  Packaged Accident  Sludge

Packaqe Character-i sti cs

T°tilt晋
;よ
ume

Type

Su、 ュce

Numberb   :甘li:nt   Radiit,骨‖)と
eVel

AFHB sludge
Reactor bui lding sludge

Mi nimum
l'laximum

150

100

100

55‐gallon dru冊

50-ft3 1iner

55‐g8110n drum

22

2

15

435

72

11

350

60

9

a,11!gi 首
811号];11景:|]g:in七:|lmi5gl:]ier than this due to freeboard in container.

bRounded to nearest
cBased on 0.8 R/hr

package.

per  Ci  in  package.

Drums contain

8 . 1 . 3 . 2  Z e o l  i t e s

The_bound ing  cond i t i ons . f o r  gene ra t i on  o f  10 - f t s  s ta in less -s tee l  l i ne rs  con ta in ing  8  f t s  o f
zeo l i t e  i n  t he  dewa te red  cond i t i on  we re  g i ven  i n  Tab le  8 .6 .  As  d i scussed  i n  Sec t i " on  8 . ! , 2 .2 ,
these zeol i tes wi l l  b_e handled as-h igh-speci f ic-act iv i ty  waste and wi th the in tent ion of  being
transferred to federal  government  fac i l i t ies for  d isposi t ion.  The a l ternat ives re lated to t real -
men t  a t  such  fac i l i t i es  d i scussed  i n  Sec t i on  8 .L .2 .2  a re  s t i l l  be ing  cons ide red .  The re fo re ,  t o
ensure compat ib i l i ty  wi th potent ia l  federal  governrnent  fac i l i ty  requi rements,  zeol i tes wi l l  be
stored at  the TMI s i te  in  the dewatered condi t ion unt i l  amangements are made wi th the U.S.  DOE
fo r  t he i r  d i spos i t i on  o r  un t i l  a  su i t ab le  d i sposa l  f ac i l i t y  becomes  ava i l ab le .

In cases when zeol i tes are selected as the ion-exchange media for  t reatment  of  l iqu id wastes,  the
l iner  conf igurat ions actual ly  used and the radioact iv i ty ' loadings of  the l iners r . i i ' t l  conform to
requirements acceptable to DOE. However ' ,  to  character ize the zeol i tes that  could be generated,
the staf f  made cer ta in assumpt ions.  re lat ive to the l iner  conf igurat ion,  zeot i te  loading per
l i ne r , , r ad ioac t i v_ i t y  l oad ing  pe r . l i ne r ,  and  the  sou rces  o f  l i qu ' i d  was te  t ha t  cou ld  read - r=1y  be
treated us ing zeol i tes or  zeol i te / t i tanaLe ion-exchange media.  These assumpt ions inc lude:  

-

'  Zeo l i t es  wou ld  be  p laced  i n  s ta in less -s tee l  l i ne rs  o f  t he  SDS con f i qu ra t i on .  Each  10 - f t 3
capaci ty  l iner  would conta in 8 f ts  of  zeol i te  or  zeol j te / t i tanate mjxture.
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'  For treatment of reactor bui lding sump l iquids, l iners would be loaded with a minimum of
10,000 Ci and a naximum of 120,000 Ci.

' For treatment of othen sources of liquid wastes, the zeolite system would not be iocated in
the spent fuel  pool.  Under these condit ions, zeol i te l iners would be loaded to 10,000 Ci to
minimize shielding requirements around the relocated equipment.

'  Reactor bui lding sump l iquids would be treated with a modif ied SDS system, and RCS l iquids
and RCS f lush and drain l iquids would be treated with a modif ied EPICOR II  system.

The character ist ics of the zeol i te I iners that could be generated under these condit ions are
shown in Table 8.1.3. As shown, the minimum number of l ineis that could be generated is 11, whi le
the maximum is 78. The major factor contr ibut ing to this range is the loading of the zeol i tes
used for reactor building sump water treatment.

For treatment of reactor building sump waten and possibly RCS water, the SDS-type systen will be
operated submerged in spent fuel  pool B. The steps involved in handl ing expended zeol i te and
cat ion vessels are as fol ' lows:

'  Vessel coupl ings are disconnected with a monorai l  l i f t ing device and a special  tool .  Each
vessel requires three disconnects.

'  After a vessel is disconnected from the system, i t  is t ransferred in the pool using the fuel
handling crane. A special yoke and shaft are attached to the crarre to perform these transfer
operati ons.

. Transfer openations involve movement of a partia'lly expended zeolite vessel to another
posit ion in the system or transfer of a completely expended zeol i te or cat ion vessel to the
undertrater storage rack. Expended filters are also transferred in this manner.

'  For shipment or t ransfer from the pool,  a shield cask is loaded into the spent fuel  pool.
The cask is loaded and closed except for the vent and drain plug. As the cask is raised
above the pool,  i t  is gnavity drained.

. The cask is then transferred to a transport vehicle or used to move the expended liner or
f i l ter cartr idge assembly to another storage Iocat ion in the plant.

The mixed bed demineral izer is operated within a shield above the surface of the spent fuel  pool.
hlhen the contents of this vessel are expended, the l iner and cask are replaced.

Prior to defuel ing, the system wi l l  have to be removed from the spent fuel  pool and relocated
within the plant.  The handl ing procedures that would be used in another locat ion have not been
def ined, but would be simi lar to those used for handl ing EPIC0R II  system l iners.

8 .1 .3 .3  Organ ic  Res ins

The organic resins that have been generated through use of EPIC0R II and those that could be
generated fnom treatment of other liquids with ion-exchange techniques can be divided into three
categories that ref lect the radioact ive character ist ics of the wastes: (1) hjgh specif ic act i -
v i ty waste mater ials,  (2) TRU waste mater ials,  and (3) low-act iv i ty waste mater ials.  Each cate-
gory of organic resin wastes is discussed separately below.

Hi gh-Specif ic-Act iv i ty Organic Resins

The character ist ics of the organic resins generated by EPIC0R II  which are cumently being stored
in the dewatered condit ion were sunnarized in Table 8.7. The 46 pref i l ter l jners l isted in that
table, represent ing about 1400 f ts of resin, must be hand' led as high-specif ic-act iv i ty waste.
Detai led information on these l iners is presented in Table 8.14. Because of their  character-
ist ics,  these mater ials cannot be disposed of using rout ine methods at low-level waste disposa' l
faci l i t ies. Transfer to a federal  governmernt faci l i ty represents the most pract icable al terna-
t ive for these mater ials.  The federal  faci l i ty/ t reatment al ternat ives being considered were
descr ibed in  Sec t ion  8 . I .2 .3 .
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.‐ Table e.14.Characteristics OfIPR[ど
]常:d‖

igh~Specific―Activity
i!                         EPICOR

Group

Number of
P[♀
f:l:8rTotal  Cunies

in Group

Max干mum Surface

c。1忌皆ilule,u[i景:rb    Ral;:i;‖|;ど
8Vel

Ai

B

C

D

Total

38,000

8,000

6,500

1,000

53,500

1,300

1,200

1,000

650

1,040

960

800

520

al iners 
ane 4- f t -d iameter  x  4- f t -h igh carbon steel  wi th volume of  50 f t3

and conta in 30 f ts  of  dewatered re i in .
bmaximum gross cur ies for any ;  tner in group.
cBased on 0.8 R/hr per Ci
Hot  spots  in  l iners  cou ld
shown.

for tne maximum curie content l iner in group.
Iead to  loca l  rad ia t ion  read ings  1 .5  t imes ' the  max imum

Low-Act iv i ty  0rganic Resins

The-or^ganic _res ins generated by EPICOR I I  t reatment  of  AFHB l iqu ids were character ized in
Tab le ,8 .2 . .  .The  o rgan i c  res ins  i *  t he  t h ree  l ow-ac t i v i t y -1eve t  p rb r i l t e r ' l i ne rs  and  the  second -
and . th l rd -s tage  l i ne rs  may  be  immob i l i zed .  The  cha rac te r i s t i cs ' o f  t hese  res ins  a f t e r  immob i l i -
zat ion wi th cement  are presented in Table g.15.

Techniques. for  immobi l izat ion of  these EPICOR I I  organ- ic  res jns wi th cement  are current ly  being
evaluated by the l icensee.  To min imize.package h indl ing and the number of  cask shipmlnts
required,  these evaluat ions are based on lhe usd of  

' large 
ionta iners that  correspond to ' the s izes

of  the demineral izer  vessels in  the EPIC0R I I  system.-  Two approaches are being considered:- - -

'  Out-of -Conta j le fUjx ing--This approach involves t ransfer  of  the res ins f rom the demineral -
@ e r e s j n s ' i n d i m m o b i r i z a i i o n _ i g e n t w i t h a n j n - . | i n e m i x e r , - . n o " . p u i r -
ag ing  the  m ix tu re  i n  t he  demine ra l j ze r  vesse l ,  wh i ch -wou td  se rve  as  t he  d i sposab le  con ta ine r .
Th i s_app roach  requ i_ res ,  t he  des ign  and  i ns ta l l a t i on  o f  a  remr .e l y  ope ra ted ' so l i d i f i ca t i on -
fac i l i ty  and removal  of  the res ins f ron the denineral izer  vessels- .

'  In-Si !u Mi ,x in! -This approach involves adding the immobi l izat ion agent  to the demineral izer
vesse l  and  m ix ing  the  res ins  and  immob i l i za t i on  agen t  w i t h i n  t he -vesse l .  Th i s  does  no t
requi re an extensive,  re_motely  operated sol id i f icat ion fac i l i ty ,  but  does requi re the
redes ign  o f  t he  demine ra l i ze r  vesse l s  t o  accommoda te  a  m ix ing  CLv i ce .  Thus ,  res ins  s t i l l
would have to be t ransferred f rom the vessels current ly  bein-g used into new conta iners.

The mix ing approach selected by the l icensee r . , i l l  be based on operat ional  consjderat ions and wi l l
not  af fect  the volume of  packaged waste.  The immobi l izat ion agbnt  used,  however,  wi l l  a f fect  the
volumes of  packaged waste.  The l icensee's work to dateT wi th lenent  ind icates that  a mixture of
about  33.w.e jOht  percen- t  res ins. ,  14 weight  percent  water ,  48 weight  percent  Por t land I I  cement ,
and .5  we igh t  pe rcen !  o f  a  chemica l  add i t i ve  cou ld  y i e ' l d  an  accep tab ld  immob i l i zed  p roduc t .  These
mix ing  ra t i os  rep resen t  a  vo lume  i nc rease  fac l ; o r  d f  abou t  1 .5 . 'The  vesse l s  have  su f f j c i en t  vo id
space to accommodate a volume- increase factor  of  1.5,  so the p lanned use of  cement  wi l l  not
i nc rease  the  number  o f  con ta ine rs  requ i red .  Thus ,  Tab le  8 .15  i s  based  on  a  vo lume  i nc rease
factor  of  1.5.  I f  v iny l  ester  s tyrene is  used,  the est imated volume increase factor  a lso woulc i
be  abou t  1 .5 .
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T,,le 8.15。  Characteris3i8:n♀
[ R::1景:8' LowoActivi,y EPICOR II

理
母
ギ
増
鳴
寝
一鴻
４
．■
．一一宅
硝
卓
■
■

Group
Number of Total  Curies
Liners in Group c。甘忌さlせ

ulefu[i景
erb

Haxlmum Surface
Ra:laii骨

:rど
8Vel

(R/hr)

Prefiltera

Cation Ad

Cation B

Cation C

Mixed bede

Total

aOrganic resins are immobi l ized in cement with a volume increase factor of
1.5 and packaged in EPIC0R II  system vessels.

bl , laximum gross cur ies for any I iner in group.
cBased on 0.8 R/hr per Ci for the maximum curie content l iner in group.
Hot spots could lead to local radiat ion readings 1.5 t imes the maximum
shown. l ' l ixed bed vessels are 6-f t-c i iameter x 6-f t -high l iners which
contain 115 f t3 of resin plus cement.

dPref i l ter and cat ion vessels are 4-f t-diameter x 4-f t -high l iners which
contain 30 f t3 of resins plus cement.

eM-ixed-bed vessels are 6-f t-diameter x 6-f t -high l iners which contain
115 f t3 of resin plus cement

Source :  "EPICOR I I  Res in  So l id i f i ca t ion  Procurement  Spec i f i ca t ion , "
Letter (TLL 545) from G.K. Hovey, Metropol i tan Edison Co. -  TMI, to
TMI Program 0ff ice, November 17, 1980.

Low-act iv i ty resins also could be generated from treatment of other l iquids with ion-exchange
techniques. _The bounding quant i t ies of these mater iais that could be generated were given in
Table 8.8. The character ist ics of these packaged mater ials under minjmum and maximum waste
generat ion condit ions are descr ibed in Table 8.16. The table js based on the assumption that
organic resins wi l l  be immobi l ized and repackaged in the ion-exchange vessel removed from the
treatment system. The assumed volume increase factor due to immobi l ' izat jon is 1.5 as discussed
above.  As  shown in  Tab le  8 .16 ,  under  bes t -case cond i t ions , l l  l i ners  conta in ing  ahout  650 f t3  o f
resins could be generated. Under worst-case condit ions,62 l iners conta' in ingiOout 3100 f t3 of
resins could be generated.

TRU 0rganic Resins

The RCS f lush  and dra in  l iqu ids  cou ld  conta in  d isso lved t ransuran ic  e lements .  Trea tment  o f  these
l iqu ids  w i th  ion  exchange techno logy  w i l l  lead  to  d ispos i t ion  o f  these t ransuran ic  e lements  on
the organic resins used in the treatment system. The concentrat ion of these transuranic e' lements
could exceed 10 nCi/g, which would require their  packaging and handl ing as TRU wastes. Under
these condit ions, the organic resins would have to be retained in the dewatered condit ion and
transfemed to a DOE faci l i ty for disposibion as TRU waste.

The character ist ics of the TRU organic resins that could be generated from treatment of RCS f lush
and drain water are presented in i tem 3 of Table 8.16. These mater ials wou' ld be transferred to
DOE in the dewatered condit ion. They would be packaged in the ion-exchange vessels removed from
the treatment system. Since Table 8.15 is based on an immobj l izat ion volume increase factor
of 1.5, there is no di f ference between the est jmated number of immobi l ized and dewatered l iners.
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8 . 1 . 3 . 4  F i l t e r s

The est imates for spent f i l ter cartr idgg generat ion were presented in Table 8.9. As described in
Sect ion 8.1.2.4, cartr idges to be handled as low-level waste can be packaged in S5-gal ' lon drums
or in special  large containers. Cartr idges that could require handl ing as TRU or high- level
waste would be packaged in containers compatible with DOE requirements. The latter include the
f i l ter cartnidges generated during RCS and reactor coolant f lushing and draining act iv i t ies. I f
these f i l ters contain fuel  part iculates, the radiat ion levei for a cartr idge could be 500 R/hr.

8.1.3.5 Evaporator Bottoms

The bounding conditions for evaporator bottoms generation were presented in Table 8.10. The
quantities shown in that table are based on the use of an evaporator/resin system to treat RCS
chemical decontaminat ion solut ions.

Implementat ion wi l l  require the design and construct ion of a separate evaporator faci l i ty that
could take up to thnee to four years to become operational. Design work on such a facility was
initiated by the licensee but has been deferred. A 1O-gpm-capacity evaporator compatible with
processing of chemical decontaminat ' ion l iquids and other l iquids was ordered, but the l icensee
cancel led the order in 1980, pending select ion of a technique for reactor coolant system decon-
taminat ion. I f  RCS decontaminat ion solut ions are generated, this project would have to be react i -
vated to process these liquids through an evaporator.

The character ist ics of packaged waste that could be generated i f  500,000 gal lons of chemical
decontaminat ion solut ions are processed through an evaporator were presented in Table 8.10.

l{o decision has been made concerning the use of an evaporator. The characteristics of the pack-
aged waste ar is ing from direct immobi l izat ion of these chemical decontaminat ion solut ions are
presented in Sect ion 8"2.4.

8. 1.  3.5 Bituminized } later ials

The character ist ics of the packaged waste ar is ing from use of a bi tumen/resin system to process
500,000 gal lons of RCS decontaninat ion solut ions were presented in Table 8.11. This system is
described in Appendix H.

Space requirenents for a system of the type considered are such that the equipment could not be
loca ted  w i th in  ex is t ing  fac i l i t i es .  Des ign  and cons t ruc t ion  o f  fac j l i t i es  to  incorpora te  th is
equipment plus procurement and instal lat ion of the equipment could take three to four years.

Since no decision has been made on select ion of a technique for decontaminat ion of the reactor
coolant system, a decision cannot be made on the use of a bi tumen,/resin system at this t ime.

8.1.4 Eff luents and Releases to the Environment

The nature and impacts of releases to the environment that could occur during normal and abnormal
condit ions or accidents in the packaging and handl ing of process sol id wastes are discussed in
this sect ion.

8.1.4.1 Normal Operat ions

Under normal condit ions of operat ion, airborne releases could ar ise during immobi l izat ion of
accident sludge, organic resins, and evaporator bottoms. These releases would be released to the
plant vent system. Est imated releases during immobi l izat ion are presented in Table 8.17. These
values are based on a fract ional releasrr of  10-5, or 0.001 percent,  of  the radionucl ides in the
waste that wi l l  be immobi l i ied.

8 .1 .4 .2  Package-Hand l ing  Acc idents

Horst-case accidents during packaged-waste-handl ing operat ions would ar ise when a drum or resin
l iner is dropped from a crane or monorai l  dur ing remote handl ing. The consequences of such acci-
dents would depend on the waste type and i ts condit ion, the radioact iv i ty and radionucl ide content
of the breached container,  the fract ional release of mater ials in the container,  j ts interact ion
with other containers, and the area in the plant where the accjdent occurred.
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The fractional release rates used to estimate the amounts of radionuclicies released in the form
of respirable part iculates for the postulated accidents are as fol lows:

Dewatered zeol i tes, and resins, accident sludges, and f i l ter cartr idges-- lO-l  of 'ohe package
radionucl ide content

Resins, accident sludges, and evaporator bottoms immobi l ized with cement-- l0-s of the pack-
age nadionuclide content

Resins, accident sludges, and evaporator bottoms immobi l ized with vinyl  ester styrene--10-6
of the package radionuclide content

Waste mater ials immobi l ized with bi turnen--10-6 of the package radionucl ide content.

Tire worst-case accidents postulated during handling of packaged waste from each alternative are
discussed sepaFately below, and the releases that would result  are summarized for al l  the acci-
dents in separate tables.

Accidents Involving Zeol i te-Based System Wastes

Dif ferent handl ing procedures are used for each type of waste container or vessel used in the
zeo' l i te-based systems. The zeol i te and cat ion vessels and the spent f i l ter cartr jdges are placed
in top-loaded shipping or transfer casks underwater in the spent fuel pool and then removed from
the pool using the overhead crane. Mixed-bed demineral izer vesse' ls are not handled in the spent
fuel pool.  The worst-case accident that could ar ise from these operat ions would occur during the
t rans fer  o f  a  f i rs t -s tage zeo l i te  l iner  in  a  sh ipp inq  cask  w i th in  the  reac tor  bu i ld inq .  l Jh l let rans fer  o f  a  f i rs t -s tage zeo ' l i te  l iner  in  a  sh ipp ing  cask  w i th in  the  reac tor  bu i ld ing .  l Jh l le
the cask is designed to retain i ts inteqri ty dur inq a 30-f t  drop. at one point i t  couid fal l  athe cask is designed to retain i ts integri ty dur ing a 30-f t  drop, at one point i t  cou
distance of 60 f t .  For this 60-f t  drop accident i t  was assumed that the zeol i te l inrd:stance of 60 ft.  For this 60-ft drop acc i t  was assumed that the zeol i te l iner in the
cask, as wel l  as the cask seal,  would be breached. The est imated releases for a zeol i te l iner
containing 120,000 curies of dewatered zeol i tes ar is ing from treatment of reactor bui lding sump
water are shown in Table 8.18. This cur ie loading is the maximum expected.

Table 8.18.  Est imated Releases dur ing SDS-Based System Package Handl ing Accidents

Est imated Releases

Radionuclide Zeo l  i t e  L ine ra ' F i  l ter  Assembl Ca t i on  L ine r Mixed Bed Linere

Sr‐89

Sr-90

Ru-106

Sb-125

Cs-134

Cs-137

Ce‐144

l x 10_2

0。12

f

1 , 6

10.3

2   X 10-4

3   X 10-3

4   × 10-4

l   x 10_4

1.2 X 10… 3

l   x 10_5

8.5 X 10-4

3.2 × 10-3

8.5 X 10-4

5   X 10-6

6   X 10-5

3.2 × 10-4

5   × 10-5

8.5 X 10-5

a0ne l iner  conta in ing  120,000 C i .
bAccidents occur jn AFHB; therefore, re. leases to atmosphere wi l l  be 1/1000 the
values shown.

cF i l te r ' load ing  o f  50  C i  a f te r  c leanup o f  reac tor  bu i ld ing  sump water .
dC"t ion l iner loading of 50 Ci af ter c leanup of pr imary system water with modif ied SDS
system; a worst-case isotopic d' istr ibut ion.

eMixed-bed l iner loading of 5 Ci af ter c leanup of pr imary system water with modjf ied SDS
system; a worst-case isotopic distr ibr.r t ion. Released direct ly to the atmosphere.

f " - "  in6 i " " tes  tha t  rad ionuc l ide  is  le r ;s  than one percen:  o f  re lease.
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The estimated releases arising from the breach of a spent filter cartridge containing 50 Ci and a
cat ion l iner containing 50 Ci under simi lar accident condit ions also are shown in Table 8.18.

In all casesr the estimated releases would be vented to the plant exhaust system.

If the zeolite/resin systern were installed in another location where there was no potential for a
cask dnop of more thant 30 ft, there would be no releases because the cask would retain its
integrity under those accident conditions.

Use of a zeolite-based system also generates mixed-bed organic resins. The worst-case accident
would involve the breach of one of these l iners during transfer to a storage locat ion outside of
the reactor bui lding. The est imated releases from a-190-f ts mixed-bed l i ier are also shown in
Table 8.18. The worst-case conditions shown are based on use of a modified SDS system for treat-
nent of primary system water.

Accidents Involving EPICOR II and Modified EPIC0R II System bJastes

The worst-case scenario for EPIC0R II  wastes involves an accident with a pref i l ter l iner contain-
ing dewatered organic resins with a loading of 1300 Ci.  This accident could occur during transfer
of the l iner from within the chemical c leaning bui lding to a storage module in the EPIC0R II
waste storage facility. The accident with the maximum release consequences would occur when a
dropped liner containing dewatered resins breaches the integrity of a second container already in
storage and these releases are directly to the atmosphere. The est.imated releases for this
postulated accident for EPIC0R II  pref i l ter l iners with a gross act iv i ty of 1300 Ci each are
g iven in  Tab le  8 .19 .

Use of the EPICOR II  system also generates second- and third-stage organic resin l iners. For the
liners already generated, the wonst-case accident would be when these liners are being removed
from the storage modules for t ransfer to an immobi l izat ion faci l i ty.  The resins a.re in a Cewatered
condit ion, and-the releases would be direct ly to the atmosphere. 

-For 
the smal ler 50-f ts cat ion

l iners, a second l iner also could be breached when one l iner is dropped on another.  The est imated
releasis from these accidents, based on two 50-f t3 l iners containi ig 50 Ci each and a 170-f tg
mixed-bed l iner containing 5 Ci,  are also shown in Table 8.19.

Table 8.19. Est imated Releases during EPIC0R II  and i4odif jed EPIC0R II
System Package Handl ing Accidents

一増
モ
毒
電
導

珂

犯
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Es t ima ted  Re leases  (C i )

EPICOR II Svstema Modified EPICOR II S ystemb

Radionuclide

Prefilter
Ltt ner

(2,600 Ci)

Cation
L nヽer

(120 Ci)

Mixed Bed

Li ner

( 5  C I )

Zeollte

Liner

(10,000 Ci)

Cation      Mixed Bed
Liner         Liner

(120 Ci)       (5 Ci)

Sr‐89

Sr‐90

Ru。106

Sb‐125

Cs‐134

Cs-137

Co-144

4 X 10‐2

0。22

1.7 X 10-3

l   x 10_2

l x 10_4

5 X 10-4

4.l X 10-2

0。39

7.5 X 10-2

0.50

2   × 10-4

2   X 10-3 9   × 10_5

7.5 X 10‐3    5   X 10-4

-         3   X 10-5

2.5 X 10‐3    1.1 × 10-4

" - "  show presence of  isotope or  less than 1 percent  or  no data for  EPICOR I I .
aBased  on  i so top i c  d i s t r i bu t i on  i n  EP IC0R I I  l i ne rs  i n  s to rage ,  p re f i l t e r  PF -10 ,  ca t i on  DR-11 ,
and mixed bed DS-2.  ( "Scoping Studies of  t .he Al ternat ive 0pt ions for  Defuel ing,  Packaging,
Shipping,  and Disposing of  the TMI-2 Spent .  Fuel  Core,"  Al l ied-General  Nuc ' lear  Serv ices,
AGNS-35900-1. 5-79, Sepbember 1980. )

bBased on cleanup of primary system water.
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A modified version of the EPICOR II system also is being considered fot treatment of primary
system water. If this alternative is selected, cation and mixed-bed liners vlil l be generated..
The worst-case accident for these liners is identical to that describeJ above for liners already
generated. The estimated neleases from these accidents, based on t-wo 50-fts cation liners contain-
ing 50 Ci each and a 170-f ts mixe: l -bed l inen containing 5 Ci,  are also shown in Table'8.1.-19.

The modified EPIC0R II system that could be used to treat primary system water a'lso generates.a
10-f ts zeol i te l iner.  this t iner couid contain up to 10,000 Ci an, i  would also be transfer:ed
from the chemical c leaning bui lding to another area for storage. During this transfer ' .opeit t ion,
the iiner cou.ld be dropped 15 ft. The estimated releases for this accident are shown in
Tabl, :  8.19.

Accidents Involving 0ther tJastes

Accident releases could also result  f rom the breach of packages containing accident sludge,
irmobi l ized evaporator bottoms, and bi tuminized chemical decontaminat ion solut ions.

The worst-case accident for accident sludges would be the breach of a 55-gal lon drum containing
dewatered AFHB sludge during remote p'lacement of the drum in a shipping cask. This accident
could occur outdooni, and releases would be directly to the atmosphere. The releases for this
accident are shown in Table 8.20 for a drum containing 250 Ci,  the maximum est imated curie content
of a drum of dewatened AFHB sludge. The estimated ieleases from the breach of a 50-ft3 liner
containing dewatered reacton bui lding sludge also are shown in the table. This l iner was assumed
to contain 70 Ci,  the maximum curie-conteht est imated for a l i r rer of  reactor bui ' ld ing accident
sludge. Cement immobilization wou'ld reduce the releases shown by a factor of 165, and vinyl
ester styrene inmobilization would reduce them by a factor of 1650.

The worst-case accident for immobi'lized evaporator bottoms or bituminized decontamination solu-
t ions would occur i f  a drum containing these mater;r ls was breached during cask loaci ing. The
est imated releases for these accidents a' lso are shown in Table 8.20.

Table 8.20. Estimated Releases during Other l{aste Tyne
Peckage Handl ing Accidents

中 部差ド ヽヽ,千

Estimated Releases (Ci)a

AFHB

Accident Sludge

Radionucll de      (250 Ci)

Reactor Building
Accident Sludge

(70 Ci)

RCS           RCS
E苫
8::;需:8r   Bitllili:8d

(36 C )ヽ       (20 Ci)

Sr‐89

Sr-90

Ru-106

Sb‐125

Cs-134

Cs-137

Ce。144

5   X 10-4

2.5 X 10-3

3.5 X 10-3

1,8 X 10‐2

6   X 10-3

1.3 × 10-4

1.4 × 10‐4

3   X 10-5

5   X 10。 4

7   X 10‐ じ

"Reieases are d' i rect ly to atmosphere. I f  accident occurs in bui lding w' i th
HEPA f i l ter,  release! wi l ' l  be i  factor of 103 less than the values shown.

bflaste forms arise from different treatment of same liquid waste source.
Therefore releases are mutual ly exclusive.

1.4 X 10-5   8   X 10-7

1.4 X 10-4   7.8 X 10-6

2.9 × 10-5   1.6 X 10-6

1.8 X 10‐ 4   9.8 X 10-6
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8.1.5 Erlllr'ronmenta'l Impacts

8 .1 .5 .1  Occupat iona l  Doses

The estimated occupational doses to immobilize organic resins anrl evaporator bottoms and to
package and handle these and other process sol id wastes are discussed in this sect ion. These
est imates cover the operat ions involved in handl ing the packages through placement of the waste
i n o n s i t e s t o r a g e f a c i l i t i e s t o a w a i t s h i p m e n t . �

9fgenic Besjle

The EPIC0R II  system exposure experience for system operat ion and l iner handl ing was used to
est imate occupat ional exposure during immobi l izat ion of organic resins and placement of these
packaged wastes into storage to await shipment.

The operat ions and sampl ing exposure was 0.005 person-mrem per gal ' lon for a throughput of 2 gpm.
This corresponds to about 0.7 person-mrem per hour of system operat ion. For resin immobi l iza-
t ion, 

' l iners 
have to be slu ' iced to a transfei ' tank at a rate of about 1 gpm, mixed with a binder

material and repackaged. Thus, resins can be transferred at an average rate of about 8 fts per
hour.  The throughput of a typical  immobi l izat ion system for large l iners is about 40 f t3 per
hour.  Combining these two factors results in an average cumulat ive dose rate of about 0.1 person-
mrem/fts of resin. For the maximum volume of resinsio be irnmobi l ized. about 3300 f t3.  the
est imated cumulat ive dose is about 0.3 person-rem.

The EPIC0R II  l iner handl ing experience of 85 mrem per l iner is also relevant since resin l iners
must be removed from storage, immobi l ized, and then returned to storage. A maximum of about
100 l iners wi l l  have to be immobi l ized, result ing in cumulat ive occupat ional dose of about
8.5 person-rcin.  For EPIC0R II ,  cumulat ive maintenance dose was ab'-rut 1.4 person-mrem per hour of
system operat ion. Since the maintenance needs of an immobi l izat ion system wi l l  exceed those of
EPICOR II ,  the est imated cumulat ive maintenance dose for the immobi l izat jon system was increased
to 4 person-mrem per hour.  For 100 hours of operat ion, the cumulat ive maintenance dose is
0.4 person-rem.

Thus, the total  est inated cumu' lat ive dose is about 9 person-rem. These operat ions wi l l  be per-
formed by a three"person crew over a period of 18 months. Under these condjt ions, the est imated'dose to each crew rnember is 3 rem, and the quarter ly dose is about 0.5 rem.

Based on a maximum t:umulat ive dose of 9 person-rem and a work force of t .hree persons, the expected
nunber of addit ional cancer mortal i t ies in the work force would be less than 0.001. The added
probabi l i ty that the average worker wi l l  d ie of cancer is 1 jn 3000. The expected number of
addit ional genet ic effects in the offspr ing of the work force exposed to this cumulat ive dose
wou ld  be  less  than 0 .002.

Evaporator Bottons and !ituminized Decontamination

The generat ion of evaporator bottoms or bi tuninized mater ials results from treatment of RCS
chemica l  decontaminat ion  so iu t ions .  Thus ,  they  are  mutua l l y  exc lus ive  a l te rna t ives .

The dose est imates to process these wastes through a bi tumen/resin system were presented in
Sect ion 7.I .4.  This cumulal i , re close was about 12.5 person-rem. The handl ing of the 1000 drums
that could be generated wi l l  lead to addit ional cumulat ive dose of about 1 person-rem (see Appen-
d i x  N ) .

The dose est imates for t reat ing RCS decontamjnat ion l iquids with an evaporator/resin system also
were presented i i r  Sect ion 7.1.4. The range of cumulat ive dose est imates was 32 to 63 person-rem.
Addit ional occupat ional dose wi l l  ar ise from immobi l izat jon of evaporator bottoms and drum handl ing.

The typical  throughput of an immobi l izat ion system packagi,rg waste in drums js about two drums
per hbur.  At 0.7 person-mrom per hour (EPICOR II  experience),  tne operat ions cumulat ive dose
inc ident  to  inmob i l i z ing  the  max imum of  1670 drums is  about  0 .6  person- rem.  Hand l ing  w i l l  be
completely rernote and the est imated dase is less than 1 person-mrem per drum (see Appendjx N).
For 1570 drums, this js about 1.7 person-rern. At a throughput of two drums per hour,  the immo-
bi l izat ion system wi l l  have to be operated f ,or about 850 hours to package 1570 drums. At
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4 person-mrem pen hour for cumulat jve maintenance dosen this results jn a cumulat ive dose of
abbut 3.4 person-rem. Since immobilization and handling of _evaporat_or bottoms drum-s repre.sents. a
wonst-case'exposure condit ion, the total  cumulat ive dole of about 5.7 person-rem is considered
ii;;.;. 

-ii lsJ 
Spe"iiions witt u'e performed by a single three-person_crew over a period-of 18 19ltl.:.

Under these cohdjtions, the estiinated dose to each crew member would be 1.9 rem, and the quarterly
dose would be about 0.3 rem.

Based on a maximum cumculative dose of 5.7 person-rem and a work force of three person-s'^llj
eipeit"J nurnU*" oi additional cancer morta'ljties in the work force would be less than 0.0007.
itiE-iAA"O p"oUaOitity that the average worker will die of cancer is I in 4000. The expecte-d
number ot iOOit ional-genet ic effects- in the offspr ing of the work force exposed to this cumula-
t ive radiat ion dose would be less than 0.0015.

0ther Process Sol ids

The est imated doses for packaging and handl ing other process sol ids were based on the information
in nppenAix n. The cumuiativE oicupational ddse estiinates for packaged accident sludge and spent
f i l te rs 'a re  shown in  Tab le  8 .21 .

These wastes will be generated and packaged intermittently over about 36 months- For the cumula-
i i ""-" i i "pi i ionat dosE of 2.3 perso'n-fgm; !E expected.nuirber of addit ional cancer mortal i t ies in
a work fdrce of three people is 0.0003. This mbans that the added probabi l i_ty that the averag€
inoivicuat worker *ourd ai !  of  cancer is 1 in 10,000. The expected number of addit ional -genet ic
ei fects in the oftspi ing of the work force exposid to th ' is cumulat ive dose of radiat ion is about
0 .0006.

Table 8.21.  Est imated Worker  Exposure to Package and Handle
Accident  Sludge and Fi l ters

Waste Type
Person-mrem
per Package

Cumulat i  ve Occupat ional
Dose (person-rem)

1.  AF‖B accident sludge

2.  :::i::it 甘il:388
3,  Core filtersb

4.  In-line filtersC

Total

2

2

22

11

0,01

0.05

0.12

2 . 1

2 . 3

aBased on Appendix N est imates for EPIC0R II  l iners.
bBased on Appendix N estimates for irradiated hardware'
cBased on maxinum number of f i l ters--could be a factor of 10 lower.

8 . 1 . 5 . 2  0 f f s i t e  D o s e s

The dose est imates presented here for proces_sing.o_f sol id wastes are based on the source terms

a.u"iJ iJo in secf ior ie.r .q.  The calcul i t ional mddels used to make these est imates and the inter-

; ; ; i l i l ; ; ; i  the l t  " " iu r t i  a re  descr ibed in  Append ix  W.  The s ' ign i f i cance-o f - these doses  and
their  human health and envi.onmenta' l  coniequ"ntbs are discussed in Sect ion 10.3- The dose est i -
i l t " i  i ""- t i i teo in- i iute e.zz. t t re totai luody populat ion dose received by-the human populat ion

r" i io ing-* i t t r in so r i i " r-our ing tnese acf iv ' i t ie i  is est imated to be about-2x r0-2 person-rem.
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Table 8.22. [)ose Est imates for the l4aximum Exposed Individual
Due to Processing Sol id Wastes

Dose (mrem)a

Location Pathway Total -Body Li ver

Ne3告
f8:nb Inhal at ion

Ground Shine
Vegetable Use

Total

Inhal at i  on
Ground Shine
Goat  Mi lk  Use

Total

Inhal at ion
Ground Shine
Vegetable Use
Cow i4 i l k  Use

Total

4 口5 ×
4 . 2 X
l , l X

l . 1 文

1 . 7 X
4 . O X
6 . 8 X

7 . O X

5.0 × 10‐4

6.2 X 10‐5

1.6 × 10-2
2.O X 10-3

1.9 X 10‐2

2 . 2 X
4 . 2 X
l . l X

l , 2 X

l , 5 X
4 . O X
6 . 3 X

6,4 X 10-3

2.4 X 10-5
6.2 X 10-5
1.6 X 10'3
1,2 X 10-3

2。9 X 10-3

Nearest
mi 1 k goat

Nearest cow
and garden

3 . l X
4 . 2 X
2 . 6 X

2 . 7 X

3 . 3 X
4 , O X
8 . 6 X

9 . 3 X

０

０

０

　

０

　

０

０

０

１

１

１

　

１

　

１

１

１

０

０

０

　

０

　

０

０

０

　

０

１

１

１

　

１

　

１

１

１

　

１

０

０

０

　

０

　

０

０

０

　

０

１

１

１

　

１

　

１

１

１

　

１

3.4 X 10-5
6〔2 X 10-5
3.8 X 10‐ 3

3.6 X 10-4

4.3 X 10-3

aDoses were calculated for total-body, GI-tract,  bone, l iver,  k idney,
thyroid, lung, and skin. The maximum three organ doses are' l isted in this
table. Doses were calcuated for four age groups: adults,  teenagers,
chi ldren, and infants. The highest dose est imates for each age group are
listed. The dose estimates for the nearest garden and nearest cow
and garden locat ions are for chi ldren, and those for the nearest mi lk
goat locat ion are total-body est imates for adults and bone and l iver est i -
mates for infants.

bThe basis for select ing the special  locat ions is descr ibed ' in Appendix bJ.
The actual locat ions are: nearest garden = 1.05 mi les east-northeast,
nearest mi ' lk goat = L.02 mi les north, and nearest cow and garden
=  1 . 0 5  m i l e s  e a s t .
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8.1.5.3 Postulated Accident Effects

The type of accident for which dose estimates are presented here is the breach of a package
containing waste. The accident scenarios are descr ibed in Sect ion 8.1.4.2. The calculat ional
models used to make these estimates and the interpretation of their results are described in
Appendix t l .  The signi f icance of these doses is discussed in Sect ion 10.4. The est inated doses
to the maximum exposed individual and the source for each accident scenario are listed in the
fol lowing tables:

Scenari o

SDS waste (reactor building sump water--
zeo l i te  l iner )

S0S waste (reactor building sump water--
f i l ter assembly)

SDS waste (pr imary water--cat ion l iner)

SDS waste (pr imary water--mixed-bed l iner)

EPICOR II waste (AFHB water--
p re f i l te r  l iner )

EPICOR II waste (AFHB water--cation
I i ner)

EPIC0R II waste (AFHB water--mixed-
bed l iner )

l,lodified EPIC0R II waste (primary
water--zeol i te l iner)

i lodi f ied EPICOR II  waste (pr imary
water--cati on 

'l 
i ner)

Dose Estimate Source Term
Table Number Table Number

i lod i f ied EPIC0R I I  waste (pr imary
water--mixed-bed I iner)

程
理

率

ず
十〓

ず

ｉ

8 . 2 3

8 . 2 4

8 . 2 5

8 . 2 6

8 . 2 7

8 . 2 8

8 . 2 9

8 . 3 0

8 . 3 1

8 . 3 2

8 . 1 8

8 . 1 8

8 . 1 8

8 . 1 8

8 . 1 9

8 . 1 9

8 . 1 9

8 . 1 9

8 . 1 9

8 . 1 9
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Table 8.23. Dose Estimates for the l4aximum Exposed individual
Due to Breaching of a Package Containing SDS l ' laste--

Reactor Building Sump l, later - Zeoli te Liner

Dose (mrem)a

Locati on Pathway Total―Body L i  ver

Ne3:♀
8とnb

I  nhal at i  on
Ground Shine
Vegetable Use

Total

I  nhal at i  on
Ground Shine
Goat l4i lk Use

Total

I  nhal at i  on
Ground Shine
Vegetable Use
Cow Mi lk  Use

Total

5.7 × 10-6
6.8 X 10-5
4.7 X 10-4

5。4 X 10-4

5.7 X 10-6
6.8 X 10-5
1.l X 10‐ 3

1.2 X 10-3

3,9 X 10-6
6.8 X 10-5
4.7 X 10-4
2.7 X 10-4

8.l X 10-4

2.O X 10‐ 5

6.8 X 10-5
2.4 X 10-3

2.5 X 10-3

1.O X 10-5
6.8 × 10-5
7.6 X 10‐ 3

7,7 × 10-3

1.4 X 10-5
6.8 X 10-5
2.4 X 10-3
1.2 X 10-3

3.7 X 10-3

9.l X 10-6
6.8 × 10-5
1.5 X 10-3

1.6 X 10-3

6.7 X 10-6
6.8 X 10‐5

9.3 X 10-3

9.4 X 10-3

6.3 × 10-6
6.8 × 10-5
1.5 × 10-3
1.2 × 10-3

2.8 X 10-3

Nearest
mi I k goat

Nearest cow
and garden

aDoses were calculated for  to ta l -body,  Gl- t ract ,  bone,  l iver ,  k idney,
thy ro id ,  l ung ,  and  sk in .  The  max imum th ree  o rgan  doses  a re  l i s t ed  i n  t h i s
table.  Doses were calcuated for  four  age groups:  adul ts ,  teenagers,
chi ' ldren,  and infants.  The h ighest  dose est imates for  each age group are
l is ted.  The dose est imates for  the nearest  garden and for  the nearest  cow
and garden' locat ions are for  adul ts  for  to ta l -body and for  ch j ldren for
bone-and l iver .  The dose est imates for  the nearest  mi lk  goat  locat jon are
for  adul ts  for  to ta l -body and for  in fants for  bone and l iver .

bThe  bas i s  f o r  se lec t i ng  t he  spec ia l  l oca t i ons  i s  desc r i bed  i n  Append i x  W.
The actual  locat ions are:  nearest  garden = 1.05 mi les east-nor theast ,
nearest  mi lk  goat  = J-02 mi les nor th,  and nearest  cow and garden
=  1 . 0 5  m i l e s  e a s t .

彊

彊

彊
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Table 8.24. Dose Est imates for the Maximum Exposed Individual
Due to Breaching of a Package Containing
SDS Waste--Reactor Euilding Sump l,later -

Fi l ter Assembly

Location

Dose (mrem)a

Pathway Total-8ody Bone Li  ver

Ne3告景8とnb I  nhal at i  on
Ground Shine
Vegetable Use

Total

I  nhal at i  on
Ground Shine
Goat  Mi lk  Use

Total

I  nhal at i  on
Ground Shine
Vegetable Use
Cow Mi lk  Use

Total

1.8 X 10‐ 5

7.O X 10-6
5。4 X 10-3

5。4 × 10'3

7.2 X 10-6
7.0 × 10-6
9.3 X 10-4

9。4 X 10-4

1.2 X 10‐ 5

7 0 X 10-6
5.4 × 10-3
2.8 X 10-4

5.7 X 10-3

2.8 X 10-4
ア.O X 10-6
2.1 × 10-2

2.l X 10-2

1.l X 10-4
7.O X 10-6
4.3 X 10-3

4.4 × 10-3

1.9 × 10-4
7.O X 10-6
2.1 × 10-2
1.2 X 10-3

2.2 X 10-2

1.O X 10'6
7.0 × 10-6
1.7 X 10'4

1.8 X 10-4

7.4 X 10-7
7.0 × 10-6
1.0 × 10-3

1.O X 10-3

6.9 X 10-7
7.O X 10-6
1.7 × 10-4
1.3 X 10-4

3.1 × 10-4

Nearest
mi'l k goat

Nearest cow
and garden

aDoses were calculated for total-body, GI-tract,  bone, 1iver,  k idney,
thyro id ,  1ung,  and sk in .  The max imum three  organ doses  are ' l i s ted  in  th is
table. Doses were calcuated for four age groups: adults,  teenagers,
chi ldren, and' infants.  The highest dose est imates for each age group are
l isted. The dose est imates for the nearest garden and the nearest cow
and garden locat ions are for chi ldren, and for the nearest mi lk goat
locat ion are for infants.

bThe basis for select ing the special  locat ions is descr ibed in Appendix VJ.
The actual locat ions are: nearest garden = 1.05 mj les east-northeast,
neares t  mi lk  goat  =  7 .02  mi les  nor th ,  and neares t  cow and garden
=  1 . 0 5  m i l e s  e a s t .
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Table 8.25. Dose Estimates for the l,laximum Exposed Individual
Due to Breaching of a Package Containing
SDS Waste--Primary l{ater - Cation Liner

Location
Dose_(mrem)a

Pathway Total-8ody Bone Li ver

Ne3告
'8:nb

Nearest
mi lk  goat

Neanest cow
and garden

Inhal at i  on
Ground Shine
Vegetable Use

Total

Inhal at i  on
Ground Shine
Goat  Mi lk  Use

Total

Inhal at i  on
Ground Shine
Vegetable Use
Cow l'l i lk Use

Total

5。3 X 10‐6

2.l X 10‐ 7

1.5 X 10-3

1.5 X 10-3

2.2 X 10-6
2.1 × 10‐7

2.4 X 10‐ 4

2.4 X 10‐ 4

3.7 X 10-6
2.l X 10-7
1.5 X 10-3
7.8 X 10-5

1.6 X 10-3

8.4 X 10‐ 5

2.l X 10‐ 7

6.O X 10-3

6.l X 10-3

3.4 X 10-5
2.l X 10-7
9.5 X 10。 4

9.8 X 10‐ 4

5.8 X 10-5
2.l X 10-7
6.O X 10-3
3.O X 10-4

1,7 × 10-6
2.l X 10-7
1.9 X 10-7

2.l X 10-6

9.5 X 10-7
2.l X 10-7
2.5 X 10。 9

1.2 X 10-6

1.l X 10-6
2.l X 10-7
1.9 X 10-7
7.9 X 10-9

6.4 X 10-3     1.5 X 10-6

"Doses were calculated for total-body, GI-tract,  bone, l iver,  k idney,
thyroid, lung, and skin. The maximun three organ doses are I isted in this
table. Doses were calcuated for four age groups: adults,  teenagers,
chi ldren, and infants. The highest dose est imates for each age group are
listed. The dose estinates for the nearest garden and the neareit cow
and garden locat ions are for chi ldren, and for the nearest mi lk goat
locat ion are for infants.

bThe basis for select ing the special  locat ions is descr ibed in Appendix t ,J.
The actual locat ions are: nearest garden = 1.05 ni ' les east-northeast,
nearest mi lk goat = L.02 mi les north, and nearest cow and garden
= 1 .05  mi les  eas t .
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Table 8.26. Dose Est imates for the i laximum Exposed Individual
due to Breaching'fi"i.1':kfi9i"::;!ltllle"sDS waste--Primarv

Dose (mrem)a

Location Pathway Total -Body Li ver

Ne3告
景8とnb I  nhal at i  on

Ground Shine
Vegetable Use

Total

I  nhal at i  on
Ground Shine
Goat l t l i lk Use

Total

Inhal at i  on
Ground Shine
Vegetable Use
Cow Mi lk  Use

Total

3.8 X 13-4
2.l X 10-5
1.l X 10-1

1,l X 10-1

1.7 X 10。2

2.6 X 10-4
2.l X 10-5
1.l X 10-1
5。4 X 10-3

1.2 X 10-1

6 . 1 ×
2 , l X
4 . 3 X

4 . 4 X

1 . 7 X
2 . l X
l . 9 X

2 . 1 ×

０

０

０

　

０

０

０

０

　

０

１

１

１

　

１

Nearest
mi lk  goat

Nearest cow
and garden

2.5 X 10-3
2.l X 10-5
6。8 × 10-2

7.1 × 10-2

4.2 × 10-3
2.l X 10‐ 5

4.3 X 10-1
2.2 X 10-2

4.6 × 10-1

9.5 × 10-5
2.1 × 10-5
2.5 X 10-7

1.2 X 10t'4

1.l X 10-4
2.l X 10-5
1.9 X 10-5
7.9 × 10-7

1.5 X 10-4

０

０

０

１

１

１

Ｘ
一　
Ｘ

　
Ｘ

６

１

７

１

２

１

aDoses were calculated for total-body, GI-tract,  bone, l iver,  k idney,
thyroid, lung, and skin. The maximum three organ doses are' l isted in this
table. Ooses were calcuated for four age groups: adults,  teenagers,
chi ldren, and infants. The highest dose est imates for each age Eroup are
listed. The dose estimates for the nearest garden and the nearest cow
and garden locat ions are for chi ldren, and for the nearest mi lk goet
locat ion are for infants.

bThe basis for select ing the special  locat ions is descr ibed in Appendix W.
The actual locat ions are: nearest garden = 1.05 mi les east-northeast,
nearest mi lk goat = LA2 miles north, and nearest cow and garden
=  1 . 0 5  m i l e s  e a s t .
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Table 8.27.  Dose Estimates for the M8ximum Exposed lndividual
due to Breaching of a Package ContainSng EPICOR II

Waste――AFHB Water ― Prefilter Liner

Location Pathway Total -Body Li  ver

1.l X 10-1 2.l X 10-1
1 . 5
33

35

1.3 X 10-1
1 . 5
170

170            210

8.7 X 10-2     1.O x 10-1
1 . 5         1 . 5
33             35
41            51

76             88

2.l X 10-1

37

1.5 × 10-1
1 . 5
210

５

７

１

８

aDoses were calculated for  to ta l -body,  GI- t ract ,  bone,  l iver ,  k idney,
thy ro id ,  l ung ,  and  sk in .  The  max imum th ree  o rgan  doses  a re  l i s t ed  i n  t h j s
table.  Doses were calcuated for  four  age groups:  adul ts ,  teenagens,
chi ldren,  and infants.  The h ighest  dose est imates for  each age group are
l is ted.  The dose est imates for  the nearest  garden and the nearest  cow
and garden locat ions are for  adul ts  for  to ta l -body and for  ch i ldren for
bone and l iver .  The dose est imates for  the nearest  goat  locat ion are for
adul ts  for  to ta l -body and for  in fants for  bone and 

' l iver .

bThe basis  for  se lect ing the specia l  locat ions is  descr ibed in Appendix } , l .
The actual  locat ions are:  nearest  garden = 1.05 mi les east-nor theast ,
nearest  mi lk  goat  = 1.02 mi les nor th,  and nearest  cow and garden
=  1 . 0 5  m i l e s  e a s t .

Ne3:♀
岳:nb

Nearest
mi I k goat

Nearest cow
and garden

Inhal at i  on
Ground Shine
Vegetable Use

Total
- 9 . -

I nhal ati on
Ground Shine
Goat  Mi lk  Use

Total

I  nhal at i  on
Ground Shine
Vegetable Use
Cow Mi lk  Use

Total

10

1.l X 10-1
1 . 5
25

27

7.8 X 10-2
1 . 5
8 . 7
6 . 0

16

Oose (mrem)a
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Table 8.28.  Dose Estimates for the Maximum Exposed lndividual
due to Breaching of a Package Containing EPICOR II

Waste―‐AFHB Water ― Cation Liner

Dose (mrem)a

Locati on Pathway Tctal―Body Li ver

Ne3告
'8とnb Inhal at i  on

Ground Shine
Vegetable Use

Total

I  nhal at i  on
Ground Shine
Goat  Mi lk  Use

Total

Inhal at i  on
Ground Shine
Vegetable Use
Cow Mi ' lk Use

Total

5.1 × 10‐3

6.8 X 10-2
4.O X 10-1

4.フ X 10-1

5,l X 10-3
6.8 X 10-2

1 . 1

1 . 2

3.5 X 10-3
6.8 X 10-2
4.O X 10-1

1 . 1

1 . 6

9.4 X 10-3
6.8 X 10‐ 2

1 . 5

1 . 6

5.7 X 10-3
6.8 × 10-2

7 . 6

7 . 7

6.5 X 10-3
6.8 X 10-2

1 . 5
4 . 7

6 . 3

9.2 X 10-3
6.8 X 10-2

1 . 5

1 4 6

6.7 X 10-3
6.8 × 10-2

9 . 5

9 . 6

6.3 × 10-3
6.8 X 10-2

1 . 5
4 . 9

6 . 5

Nearest
mi I k goat

Nearest cow
and garden

"Dor",  were calculated for total-body, GI-tract,  bone, 1iver,  k idney,
thyroid, lunq, and skin. The maximum three organ doses are l isted in this
table. Doses were calcuated for four age groups: adults,  teenagers,
chi ldren, and infants. The highest dose est imates for each age group are
listed. The dose estimates for the nearest garden and the nearest cow
and garden locat ions are for adults for total-body and for chi ldren for
bone and l iver.  The dose est imates for the neanest goat locat ' ion are for
adults for total-body and for infants for bone and l jver.

bThe basis for select ing t i re special  locat ions is descr ibed in Append' ix t , ' | .
The actual locat ions are: nearest garden = 1.05 mi les east-northeast,
nearest mi lk goat --  7.02 mi les north, and nearest cow and garden
=  1 . 0 5  m i l e s  e a s t .
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Table 8。29.  Dose Estimates for the Maximum Exposed lndividual
due to Breaching of a Package Containing EPICOR II

Waste‐‐AF‖B Water o Mixed Bed Liner

Dose (mrem)a

Location Pathway Total -Body Li ver

Ne3古
i8とnb I  nhal at i  on

Ground Shine
Vegetable Use

Total

I  nhal at i  on
Ground Shine
Goat  Mi lk  Use

Total

I  nhal at i  on
Ground Shine
Vegetable Use
Cow t4 i l k  Use

Total

2 . 6 X
3 . 6 ×
2 . 1 ×

2.5 X 10-2

2.6 X 10-4
3.6 X 10-3
5.9 X 10-2

6.S X 10-2

1,3 X 10‐ 4

3.6 × 10‐3

2.1 × 10‐2

1.4 × 10-2

3.9 X 10-2

2.9 X 10-4
3.6 X 10‐ 3

7.6 X 10。 2

8.O X 10-2

2.9 X 10-4
3.6 × 10-3
3.8 × 10-1

3,8 X 10-1

2.0 × 10‐4

3.6 X 10-3
7.6 X 10-2
9.3 × 10 2々

1.7 X 10-1

3.5 X 10‐ 4

3.6 X 10-3
7.9 X 10-2

8.3 × 10-2

3.5 X 10-4
3.6 X 10-3
4.9 × 10-1

4.9 X 10-1

2.4 X 10-4
3.6 × 10-3
7.9 X 10-2
1.2 X 10-1

2.O X 10-1

０

０

０

Nearest
mi I k goat

Nearest cow
and garden

oDoses were calculated for total-body, GI-tract,  bone, l iver,  k idney,
thyro id ,  lung ,  and sk in .  The max imum three  organ doses  are ' l j s ted- jn  th is
table. Doses were calcuated for four age groups: adults,  teenagers,
chi ldren,_and infants. The highest dose est imates for each age group are
l isted. The dose est imates for the nearest garden and the nearest cow
and garden locat ions are for adults for total-body and for chi ldren for
bone and l iver.  The dose est imares for the nearest goat locat ion are for
adults for total-body and i . rr  infants for bone and l iver.

bThe basis for select ing the special  
' locat ions 

is descr ibed in A.ppendix W.
The actual locat ions are: nearest garden = 1.05 mi les east-northeast,
nearest mi lk goat = 1.02 mi les north, and nearest cow and garden
=  1 . 0 5  m i l e s  e a s t .
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Table 8.30. Dose Est imates for the Maxjmum Exposed Individual
due to Breaching of a Package Containing Hodif ied EPIC0R II

Waste--Primary l , later -  Zeol i te Liner

Dose (mrem)a

Location Pathway Total―Body Bone Li  ver

Ne3告
♀岳とnb

I  nhal at i  on
Ground Shine
Vegetable Use

Total

I  nhal at i  on
Ground Sh ine
Goat  Mi lk  Use

Total

Inhal at i  on
Ground Shi ne
Vegetable Use
Cow Mi lk  Use

Total

4.6 X 10-1
3 . 3
730

730

3.3 X 10-1
3 . 3
460

460

3.1 × 10-1
3 . 3
730
58

790

３

３

０

　

０

・
　

・
５

　

　

５

２

３

６

　

６

36
3 . 3

2700

2800

15
3 . 3
810

820

2 . 5
3 . 3

2700
200

2900

Nearest
mi l k goat

Nearest cow
and garden

9,6 X 10-1
3 . 3
150

150

1 . 6
3 . 3
650
42

700

dDor" ,  were calculated for  to ta l -body,  Gl- t ract ,  bone,  1 iver ,  k idney,
thyro id,  lung,  and sk in.  The maximum three organ doses are l js ted jn  th is
table.  Doses were calcuated for  four  age groups:  adul ts ,  teenagers,
chi ldren,  and infants.  The h ighest  dose est imates for  each age group are
l is ted.  The dose est imates for  the nearest  garden and the nearest  cow
and garden locat ions are for  adul ts  for  to ta l -body and for  ch i ldren for
bone-and l iver .  The dose est imates for  the nearest  goat  locat ion are for
adu' l ts  fon tota l -body and for  in fants for  bone and l iver .

bThe  bas i s  f o r  se lec t i ng  t he  spec ia l  l oca t i ons  i s  desc r j bed  i n  Append i x  W.
' fhe 

actual  locat ions a ie:  nearest  garden = 1.05 mi les east-nor theast ,
nearest  mi lk  goat  = L.02 mi les nor th,  and nearest  cow and garden
=  1 . 0 5  m i l e s  e a s t .
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Table 8.31. Dose Est imates for the Maximum Exoosed Individual
due to Breaching of a Package Conta' ining Modif ied EPICOR II

Waste--Primary Water -  Cat ion Liner

Locat i  on
Dose (mrem)a

Pathway Tota l -Body Bone L i  ver

Ne3告
♀8とnb Inhal at i  on

Ground Shine
Vegetable Use

Total

Inha l  a t i  on
Ground Shine
Goat  Mi lk  Use

Total

I  nha I  at i  on
Ground Shi ne
Vegetable Use
C o w  M i l k  U s e

Total

1.3 X 10-2
6.2 X 10-4

3 . 5

3 . 5

5.2 X 10-3
6.2 X 10-4
5.7 X 10-1

5.8 X 10-1

8.7 X 10-3
6.2 X 10-4

3 . 5
1.7 X 10-1

3 . 7

2.O X 10-1
6`2 X 10-4

14

14

8.3 × 10-2
6.2 X 10-4

2 . 2

2 . 3

1.4 X 10‐1

6.2 X 10-4
14

7.l X 10-1

15

4.9 X 10-3
6.2 X 10-4
5.5 × 10-4

6.l X 10-3

2.8 X 10-3
6.2 X 10-4
7.6 X 10-6

3.4 X 10-3

3.4 X 10-3
6.2 X 10-4
5.5 X 10-4
2.4 X 10-5

4.6 × 10-3

Nearest
mi l  k goat

Nearest cow
and garden

uDoses  were  ca l cu la ted  fo r  t o ta l -body ,  G I - t r ac t ,  bone ,  l i ve r ,  k i dney .
thy ro id ,  l ung ,  and  sk in .  The  max imum th ree  o rgan  doses  a re  l i s t ed  j n  t h j s
tab le .  Doses  were  ca l cua ted  fo r  f ou r  age  g roups :  adu l t s ,  t eenage rg ,
ch i l d ren ,  and  i n fan ts .  The  h ighes t  dose  es t ima tes  f o r  each  age  g roup  a re
I is ted.  The dose est imates for  the nearest  garden and the nearest  cow
and garden locat ions are for  ch i ldren,  the nearest  goat  locat ions are for
i  n fants.

bThe  bas i s  f o r  se lec t i ng  t he  spec ia l  l oca t j ons  i s  desc r i bed  i n  Append i x  l l .
The  ac tua l  l oca t i ons  a re :  nea res t  ga rden  =  1 .05  m i l es  eas t -no r theas t ,
nearest  m' i1k goat  = 1.02 mi les nor th,  and nearest  cow and garden
=  1 . 0 5  m i l e s  e a s t .
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Table 8.32.  Dose Est imates for  the Maximum Exposed Indiv idual
due to Breaching of  a Package Conta in ing Modi f ied EPIC0R I I

Waste--Pr imary Water  -  Mixed Bed L iner

Dose (mrem)a

Locati on Pathway Total―Body Bone Li  ver

Ne3:♀
8:nb I  nhal  at i  on

Ground Shine
Vegetable Use

Total

I  nha l  a t i  on
Groulrd Shi  ne
G o a t  M i i k  U s e

Tota l

I nha la t i on
Ground Shine
Vegetable Use
Cow M i l k  Use

Tota l

5.7 X 10-4
2,7 X 10-5
1.6 X 10-1

1.6 X 10-1

2.3 X 10‐4

2.7 X 10-5
2.5 X 10-2

2.5 X 10-2

3.9 X 10-4
2.7 X 10-5
1.6 X 10-1
8.2 × 10-3

1.7 X 10…1

2.l X 10-4
2.7 × 10-5
2.4 X 10-5

2.6 X 10-4

1.2 X 10-4
2.7 X 10-5
3.3 X 10-7

1.5 X 10-4

1.5 × 10-4
2.7 × 10-5
2.4 X 10-5
1.O X 10-6

2.O X 10-4

9 . O X
2 . 7 X
6 . 3 X

０

０

０

Nearest
m' i l k  goat

Nearest cow
and garden

6.4 X 10-1

3.7 X 10-3
2.7 × 10-5
1.O X 13-1

1.O X 10-1

6.2 X 10。3

2.7 X 10-5
6.3 X 10-1
3.2 X 10。2

6.7 X 10-1

aDoses  were  ca l cu1a ted  fo r  t o ta l -body ,  G l - t r ac t ,  bone ,  f i ve r ,  k i dney ,
thy ro id ,  l ung ,  and  sk in .  The  max imum th ree  o rgan  doses  a re  l i s t ed  i n  t h j s
tab le .  Doses  were  ca l cua ted  fo r  f ou r  age  g roups :  adu l t s ,  t eenage rs ,
chi ldren,  and jnfants.  The h. ighest  dose est imates for  each age group are
l is ter i .  The dose est imates for  the nearest  garden and the nearest  cow
and garden locat ions are for  ch i ldren,  the nearest  goat  locat ions are for
i  n fants.

bThe  bas i s  f o r  se lec t i ng  i . he  spec ia l  l oca t i ons  i s  desc r j bed  i n  Append i x  W.
The actual  locat ions are:  nearest  ga.rden = 1.05 mi les east-nor theast ,
nea res t  m i l k  goa t  =  i . 02  m j l es  no r th ,  and  nea res t  cow  and  ga rden
=  1 . 0 5  m i l e s  e a s t .
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8.1.5.4  PSychological― Socicecono冊iC Effects

See Section 3.3.5,4.

8,1.5 EconomSc Costs                                                              :i

Solid waste processing is broken down into two basic activities―
―
(1)cOnditioning and (2)waste

i : : 暑: : | 十鮮1 骨l 難: 袴  : 鮮辮器醍千&   ま島欄督
for storage and shipment.
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t.  The staff believes that the costs for solid

waste processing ttie somewhere between Sll,600,000 and S16,0001000 regardless of the alternatives

selected.

8.2  CHEMICAL DECONTAMINAT10N SOLUT10NS

Chemical decontamination 301utlons are liquid wastes with high chemical and detergent content

整線.群る モ 臀 隠 ダ ウ :斑鴫整詰営
・

direct immobSlization without volume reduction.
tives considered for their immobキ lizatSon, packagヽ ng, and handling; and the impacts of these

oporations are discussed.

8.2.l  Status and Speclfic Conslderations

軽t群岸訴さ :緊蓋:°韓理縦 添 湘 ヅ bよう v
continued decontamination activities a150 are projected.

8.2.1.l  Efforts to Date

The characteristics and current disposition of chemical decontamination 301utions generated during

decontaminatlort of the AFHB through September 22, 1980, are shown in Table 8.33.  These wastes

were generated by the use of a commerc181ly aVailable chemical decontamination 501utSon and have

been immobilized in 55-gallon drums using the vttnyl ester styrenO (VES)proCess (See Appendix ‖
for deta,15).

8.2.1.2  Pro3ected Requtrements

Since decontamination of the AFHB is not yet complete, more chemica]decontamination solution

waste wヽ 1l be generated there, and sim1lar solutions a]30 Wi]]be generated during decontamina―

tion of reactor bui]ding stlrfaces and equipment (see Appendix G for details).  Decontamination of

the reactor coo]ant system a130 COuld result in generatton of chemical decontamination 301utlon3

1f a technique ctheF than the CAN DECON process is used.  Estimates of the volumes and character―

istics of the chettical decontamination solution wastes that could be generated from these sources

3縫 i:i38]i色;。ど』‖ごfttf亀魯もiをと。Fgを点』量ぎ1'iffff瑠』員ti°n of the reactor coolant system represents

8.2.2  Alterflative Methods Considered

lmmobSlization is the on]y feasib]c treat「 lent alternative for AF‖ B and reactor buヽ lding chemica]

decontaminat'on solutions.  The options within this altt,rnative involve the se]ection of a binder

materSal and the type of disposable container used for packaging.  The binder materSals con―

sidered include bitumen, cement, and vinyl ester styrene.  A discussion ゥ f these immobキ lization

techniques is llresented in Appendix H.  The type5 0f COntainers consitered include 55-gallon
drums and 131 g`er containers.
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Table 8.33. Character ist ics and
Decontami nation So'l uti on

through SePtember

Disposition of Chemical
wastes Generated
22, 1980

Factor Val ue

t{aste VoIume (fts)

l{aste treatnent process

Packagi ng Characteri stics

Type

Volume (f ts)

Number
Maximum curies

lrlaximum surface radiation level

Disposit ion of Containers

Number stored onsite

Number shipped offs i te

a0r ig ina l  l iqu id  vo lume pr io r  to  so1 id i f i ca t ion .
bvo lu r "  inc rease fac to r  o f  2 .5  (20  ga l lons) .

Source: Memorandum from T.L. Gi lbert  to W.K. Lehto,
Argonne National Laboratory, Subject: , -AFHB Sludge
Volumes and Act iv i t ies, December 9, 1980.

290a

Sol  i  d i  f i  cat i  on
w i th  v i py l  es te r
styrene"

Drum
7 .  3 5

118
0 . 1 5

180 mR/hr

19

72

Table 8.34.  Pro jected Volumes and
Decontami nati on

Charac te r i s t i cs  o f  Chemica l
So l  u t i ons

現
翻
颯
電
密
彊

梶

嵯

項

宅

七

！
！
……

…

．

ヽ
安
碁

習

均

拝

■
，

Source

Est i  mated
Vol ume

(ga l  lons)

Range ofSpeCti3i/科[;iVi tyCur i  e
Content

AFHB decontaminatlon

Reactor building decontamination

8:::li:mi♀:t]81aSyStem

7,000

40,000

500,000

60

10

20,000b

l to 2

0.l to l

l to 10

alt  CRtt-oEc0N technique is userd, this source of waste
b!'laximum estimate of activity that could be removed.
is a factor of 10 lower.

w i l l  n o t  o c c u r .

Maxinum est imate
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Because of  the re lat ive ly  large volume of  waste that  could be generated dur ing reactor  coolant
system decontaminat ion,  the use of  evaporat ion was considered for  t reatment  of  these l iqu ids (see
Sect ion 7.1) .  Evaporator  bot toms then would be immobi l ized and packaged as d iscussed in Sec-
t ion 8.1.2.  I f  these l iqu ids are not  processed through an evaporator ,  thei r  character is t ics
would be s imi lar  to  AFHB and reactor  bui ld ing chemical  decontaminat ion l iqu ids.  Under these
cond i t i ons ,  t he  a l t e rna t i ves  cons ide red  i n  t h i s  sec t i on  f o r  t he  immob i l i za t i on  and  packag ing  o f
these chemical  Cecontaminat ion solut ion wastes f rom reactor  coolant  system decontaminat ion are
the same as those a l ternat ives considerd for  AFHB and reactor  bui ld ' ing chemical  decontaminat ion
l iquids-- immobi ' l izat ion wi th e i ther  b i tumen,  cement ,  or  v iny l  ester  s tyrene and packaging in
ei ther  drums or  large conta iners.

Cons ide ra t i on  o f  t he  a l t e rna t i ve  immob i l i za t i on  t echn iques  and  d i sposab le  con ta ine rs  j n  con junc -
t ion wi th the pro jected volumes bounds the quant i t ies of  packaged waste that  could be generated.
The assumed bounding condi t ions are:

-  i4aximum Waste Product ion.  AFHB and reactor  bui ld ing waste volumes p lus use of  a tech-
@ D E C 0 N p r o c e s s t o d e c o n t a m i n a t e t h e r e a c t o r c o o l a n t s y s t e m .
All l iquicls would be imnobil ized with vinyl ester styrene or cement using maximum
volume increase factors.

-  Min jnum Waste Product ion.  AFHB and reactor  bui ld ing waste volumes p ' lus use of  the
W e c o n t a m i n a t e t h e r e a c t o r c o o ] a n t s y s t e m . A 1 i 1 i q u i d s w o u l d b e
immobi l ized wi th v iny l  ester  s tyrene or  cement  us ing min imum volume increase factors.

The character is t ics of  the packaged waste generated under these bounding condi t ions ane summa-
r i z e d  i n  T a b l e  8 . 3 5 .

Table 8.35。  Chemica]Decontamination Solution Waste Ceneration― ―

Minimum and Maxlmum Cases

Factor

Source

55-Ga]lon Orumb    50-ft3 LinerC 55-Ga1lon Drum    50-ft3 Liner

Reactor  Coolant  System

Min imum Genera t i on

Or ig ina l  vo iume  (ga11ons )

Volume increase factord

Number of  packages

Average curi eslpackage

Maximum Generat ion

Or ig ina l  vo lume  (ga l l ons )

Volume increase factoro

Number of packages

Average curi eslpackage

47,000

1.67

1600

.04

47,000

2 . 5

2,400

.03

47.000

1.67

220

0 。3

47,000

2 . 5

350

0 . 2

500,000

2 4 5

25,000

0,8e

500,000

1.57

2,380

8.4e

al . /h"""  CAN DEC0N technique is  used,  th is  source of  waste wi l l  not  occur .
buseab le  d rum vo lume  i s  50  ga11ons .
cUseab le  l i ne r  vo lume  i s  350  ga11ons .
dvo l r * .  i i r c rease  fac to rs  shown  a re  bound ing  cond j t i ons  f o r  immob i l i za t i on  o f  t hese  l i qu ids
wi th e i t i rer  cement  or  v iny l  ester  s tyrene.

"Au"rages shown are based on est imated ma.x jmum inventory of  20,000 Ci  in  reactor  coolant
system--could be a factor  of  ten lower.
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The character is t ics of  the pro. iected AFHB and reactor  bui ld ing chemical  decontaminat ion solut ' ions
are s imi lar  to  those gener i ted to date and descr ibed in Table 8.32.  Immobi l izat ion,wi th v iny l
ester styrene has been-successful and the staff knows of no reason to depart from this technique..
The projbcted volume for these wastes is about ten times greater than the AFHB solutions pac-kag_ed
thus - fa i ,  and  the  con ta ine r  s i ze  wa r ran ts  cons ide ra t i on .  Use  o f  d rums  w i l l  r esu l t ' i n  re la t i t t e l y
low-radiat ion- level  packages that  can be readi ly  handled and d isposed of  wi th contaminated t rash.
The use of  the larger  l in l rs  wi l l  substant ia l ly  reduce the number of  packages to be hand' led,  but
the  rad ia t i on  l eve l s  w i l l  be  h ighe r  and  w i l l  necess i t a te  t he  use  o f  r emo te  hand l i ng  t echn iques
and shie ' lded t ransport .

I f  chemical  decontaminat ion solut ions are generated f rom reactor  coolant  system decontaminat jon
and are not  processed through an evaporato i ,  as d iscussed jn Sect ion 8.1,  these l iqu ids wi l ' l  be
the largest  source of  l iqu id waste to be packaged.  As shown - in  Table 8.35,  the use of  drums and
Ia rge  l i ne rs  w i l l  r esu l t  i n  rad ia t i on  l eve l s  t ha t  cou ld  requ i re  sh je lded  sh ipmen t .  Unden  these
condi t ions,  the use of  larger  l iners is  preferred s ince the number of  packages would be min imized.

8 .2 .3  De ta i l s  o f  Me thods  and  Fac i l i t i es

The  fac i l i t i es  cu r ren t l y  be ing  used  to  immob i l i ze  AFHB decon tam jna t i on  so lu t i ons  w i th  v i ny l  es te r
styrene and package these wastes ' in  drums wi l l  cont inue to be used.  Minor  modi f icat ions would
have to be made to handle large conta iners,  but  th is  can be readi ly  accompl ished.

These fac i l i t ies are not  adequate to hand' le  the re lat ive ly  large volume of  pr imary system decon-
taminat ion solut ions that  could be generated.  These wastes cou1d,  however,  be immobi l ized and
packaged in the same fac i l i ty  that  is  being considered for  immobi l izat ion of  process sol id  wastes.

The character js t ics of  the packaged waste that  would be generated are summarized in Tab' le  8.36.
As  shown ,  AFHB and  reac to r  bu i l d i ng  decon tam ina t i on  so lu t j ons  wou ld  be  jmmob j l i zed  w i th  v i ny l
ester  s tyrene and packaged jn drums or  large conta iners.  I f  chemical  decontaminat ion solut ions
are generated f rom reactor  coolant  system decontaminat ion,  large cor i ta iners are the pref€rred
package.  These wastes could be immobi l ized wi th e i ther  v iny l  ester  s tyrene,  cement ,  or  b i tumen.
The selec ied b inder  mater ia l  wi l l  depend on the inmobi l izat ion technique chosen

8 .2 .4  E f f l uen ts .and  Re leages  to  t he  Env i ronmen t

The nature and impacts of  re leases to the envi ronment  that  cor t ld  occur  dur ing packaging and _
handl ing of  chemi ia l  decontaminat ion solut ion wastes under normal  condi t jons and under abnormal
or  acc ident  condi t ions are d iscussed below.

8 .2 .4 .1  No rma l  Cond i t i ons

General ly ,  a i rborne ef f luents ar is ing f rom waste-packaging operat jons are vented to the p lant
exhaus t  

- sys tem.  
The  rad ionuc l i des  re leased  du r i ng  jmmob i l i za t i on  o f  chemica l  decon tam ina t j on

solut ions-were est imated us ing an assumed f ract ional  re]ease rate of  10-5,  or  0.001 percent  of
the package radionucl ide content .  These est inates are presented in Table 8.37.

8 .2 .4 .2  Acc iden t  Cond i t i ons

The accidents postu lated dur ing handl ing and storage consjst  of  a breach of  conta jner  in tegr i ty
as  a  resu l t  o i  t t r e  con ta jne r r s  be ing  punc tu red  o r  d ropped  du r i ng  was te -hand l i ng  ope ra t i ons .
bJorst -case condi t ions ar ise when waste is  packaged in a large l iner  wi th maxjmum cur ie content
and the breach occurs on the loading dock or  some other  outdoor locat ion.  The f ract jonal  re lease
rates used to est imate the amounts of  radionucl jdes re leased' in  the form of  resp ' i rable par t icu-
lates for  postu lated accidents are as fo l lows:

.  L iquids immobi l ized wi th cement--10-5 of  the packaged waste volume

. L iquids immobi l ized wi th v iny l  ester  s tyrene--10-6 of  the packaged waste volume.

The  e l t jma ted  re leases  fo r  an  acc iden t  i n  wh i ch  the  l i qu ids  we re  jmrnob i l j zed  w j th  v i ny l  es te r
styrene are shown in Table 8.38.
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TabIe 8.36.  Fackaged Decontaminat ion Solut ion Waste--Min imum
And Maximum Cases

Facton AFHB and Reactor Building
Reac:9St:品81ant

I t l in imum Generat ion
Process used

Volume increase facton
Package type
Number of package

Average curie/package

Average package radiation ,level'

l,laximum Generation
Process used

Volume increase factor
Package type

Number of packages

Average curies/package '!

Average package radiation level

Immobi l i ze  w i th  v iny l
ester styrene
1 . 5 7  J
50-f ts l iner
220
0 . 3

,{  ' .
250 mR/hr"

Immobi l i ze  w i th  v iny l
ester styrene

2 . 5

55-galtq[  arum'

2400

0 . 0 3
10 mR/hr

NA

Immob lヽizeb

ツ. 0

50-ft3 1iner

2860

7C

6 R/hrd

awhere CAN DECON technique used, this source of waste wili not occur.

bEither cement or vinyl ester styrene.

Ci8景el。
3:rlaximum invento】y` Of 20,000 Ct in reactor coolant system――could be factor of

dAt ttts raぶajon levelと肘elded ttpment is reqttred.

Table 8.37.  Est imated Releases to
Environment under Normal

Cond i t i ons  du r i ng  Immob i l  i -
zation of AFHB and Reactor

Bui  ld ing Decsntamina-
t i on  So lu t i ons

Radionucl ide l:i♀]::;b
Cs-137

Cs-134

Sr-90

Sr-89

5.5 X 10-7

8.4 X 10-8

6.5 X 10-8

a lmmob i I i za l ; i on  o f  t he  cu r i es  i n
reactor coolant system already
cove red  i n  Tab le  8 .17 .

bBased  on  i nmob i l i za t i on  o f  l i qu ids
wi th tota l  radionucl ide inventory
o f  7 0  C i .
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Table 8.38. Est imated Accident
Releases to Environment fronl
Breach of Packaged Immobi-

lized AFHB and Reactor
Bui lding Decontami-
nat ion Solut ionso

Rad ionuc l ide
Rel easesb

(Ci /package)

Cs‐137

Cs-134

Sr-90

Sr-89

8.5 X 10-7

1.3 X 10-7

l   x 10_8

aAccidents assumed to occur outside
bu i ld ings ;  re leases  are  d i rec t l y  to
atmosphere.

bs0-f t t  l iner containing 1 Ci immobi-
l ized with vinyl  ester styrene.

8.2.5 Environmental  Impacts

8 .2 .5 .1  Occupat iona l  Doses

0ccupat ional radiat ion doses incurred by workers involved in packaging and handl ing of chemical
decontaminat ion solut ion wastes ( through the stage of placing the packaged wastes in onsite
storage faci l i t ies to await  shipment) are summarized in this sect ion. The basis for the est i -
mi i tes are given in Appendix N.

Est imated occupat ional doses are presented in Table 8.39. As shown, the cumulat ive dose from
AFHB and reactor bui lding solut ions var ies fronr 2.9 to 4.2 person-rem, depending on package type.
These wastes would be packaged and handled by two-person crews, and three crews would be used
over the 18-month period required to perform this activity. The average dose to each crew member
would range from about 0.5 rem to 0.7 rem. The average quarterly dose to each crew member would
be abotrt  0.1 rem. The expected number of addit ional cancer mortal i t ies in the work force of s ix
persons exposed to the cumulat ive dose of radiat ion would be between 0.0004 and 0.0006. This
means that the added probabi l i ty that the average individual worker would die of cancer would be
between 1 in 20,000 and 1 in 10,000. The expected number of addit ional genet ic effects in the
offspr ing of the work force exposed to the cumulat ive dose of r . ,diat ion would be between 0.0008
anC 0 .001.

I f  reactor coolant system chemical decontaminat ion solut ions are generated, these wastes would be
packaged and handled over a l2-month period. Two crews of two persons each would be used, leading
to an average dose per crew member of 1.5 and a cumu' lat ive dose to the group of 6 person-rem.
The average quarterly dose to each crew nember would be about 0.4 rem. The expected number of
addit ional cancer mortal i t ies in the work force of four persons exposed to the cumulat ive dose of
radiat ion would be 0.0008. This means that the added probabi l i ty that the average individual
worker would die of cancer would be 1 in 1200. The expected number of addit jonal genet ic effects
in the offspr ing of the work force exposed to the cumulat ive dose of radiat ion would be 0.002.

8 . 2 . 5 . 2  0 f f s i t e  D o s e s

The dose est imates presented here for p 'rocessing of chemica' l  decontaminat ion so' lut ions are based
on the source terms developed in Sect ion 8,2.4, The calculat ional models used to make these
est imates and the interpreiat ion of th€: i r  results are clescr ibed in Appent l ix W. The signi f icance
of these doses and thein human health and environmental  consequences are d' iscussed in Sect ion 10.3.
The est imates are l isted in Table 8.40. The 50-mile total  body populat ion dose received by the
human populat ion during these act iv ' i t ies is est imated to be about 2 x 10-5 person-rem.
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Table 8.39.  Est imated Occupat ional  Doses f rom Handl ing and packaging
Chemical  Decohtaminat ion Solut ion I ' lastesd

Source and
Package Type

Uni t  Dose
(person-mrem/pac kage )

Cumul at ive Occupat ional
Cose (person-rem) _

Best Case Worst Case

AFHB and reactor bui lding
55-gal lon drum
Large l iner

Reactor coolant system
Large l iner

Total s

3 . 5

21

21

NA

2 . 9

4 . 2

NA

6 . 0

10b

Ａ

　

　

　

・

Ｎ

　

　

２

aQuanti t ies from Table 8.35.
bTot. l ,  rounded to two sign' i f icant f igures.

Table 8.40. Dose Est imates for the Maxjmum Exposed Individual
due to  Immobi l i z ing  Chemica l  Decontaminat ion  So lu t ions

Dose (mrem)a

Locat i  on Pathway TotaI -Body Li ver

Ne3:景
岳:nb Inhal  at i  on

Ground Shine
Vegetable Use

Tota l

I  nhal  at i  on
Ground Shine
Goa t  M i l k  Use

Total

Inhal  at i  on
Ground shine
Vegetable Use
Cow l ' l i lk  Use

Total

2.7 × 10-8
7.0 × 10-8
2.2 X 10-6

2.3 X 10-6

3.4 X 10-8
6.O X 10-8
1.l X 10-6

1.2 X 10-6

3.0 × 10-8
9.O X 10-8
3.2 X 10-6
4.O X 10-7

3.7 X 10-6

Nearest
mi I k goat

Nearest cow
and garden

3.3 × 10-7     2.9 ×  10-8
7.O X 10-8     7.O X 10-8
9,O X 10-6     1.4 X 10-6

1.O X 10-5     1.5 X 10-6

1.5 × 10-7     1,9 x 10-3
6.0 × 10-8     6.O X 10-8
8.O X 10-6     9,O x 10-6

8.O X 10-6     9,O x 10-6

4.2 X 10-7     3.2 ×  10-8
9.O X 10-8     9.O x 10-8
1.4 X 10-5     2.l X 10-6
2.2 X 10-6     1.6 ×  10-6

1.6 X 10-5     3.8 X 10-6

"Doses  were  ca lcu la ted  fo r  to ta l -body ,  G l - t rac t ,  bone,  1 iver ,  k idney ,
thyro id ,  lung ,  and sk in .  The max imum three  organ doses  are  l j s ted  in  th is
table. Doses were calcuated for four age groups: adults,  teenagers,
chi ldren, and infants. The highest dose est imates for each age group are
l isted. The dose est imates for the nearest garden and nearest cowlgarden
locat ions are for chi ldren, and for the nearest goat locat ion are for
adults for total  body and for infants for bone and l iver.

bThe bas is  fo r  se lec t ing  the  spr - .c ia1  loca t ions  js  descr jbed in  Append ix  W.
The actual locat ions are: neanest garden = 1.05 mj les east-northeast,
neares t  mi lk  goat  =  ! .02  mj les  nor th ,  and neares t  cow and garden
=  1 " 0 5  m i l e s  e a s t .
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8.2 .5 .3  Pos tu la ted  Acc ident  E f fec ts

The type of accident for which dose estimates are made here is the breach of a package containing ̂
waste from AFHB and reactor bui lding decontaminat ion. The accident is descr ibed in Sect ion 8.2.4.2
and the source term is l isted in Tab' le 8.38. Calculat ional models used to make these est imates
and the intenpretat ion of their  results are descr ibed in Appendix l ' l .  The signi f icance of these
doses is discussed in Sect ion 10.4. The dose est imates for the maximum exposed individual due to
breaching a package containing AFHB or reaclor bui lding wastes are l isted' in l 'able 8.41.

Table 8.41.  Est imates of  0f fs i te  Doses to the Maximum Exposed Indiv idual
Caused by Breach of Package Containing AFHB and Reactor

Eui ld ing Immobi l ized Decontaminat ion Solut ion Waste

Dose (mrem)a

Locati on Pathway Total―Body Li  ver

０

０

０

１

１

１

０

０

０

　

０

１

１

１

　

１

０

０

０

　

０

　

０

０

０

　

０

１

１

１

　

１

　

１

１

１

　

１

Ne3:♀
8とnb

Nearest
mi I k goat

Nearest cow
and garden

Inhal at i  on
Ground Shine
Vegetable Use

Total

I  nhal at i  on
Ground Shine
Goat  l4 i l k  Use

Tota'l

I  nhal at i  on
Ground Shine
Vegetabie Use
C o w  M i l k  U s e

Total

4 . 8 ×
5 , 7 ×
4 . 0 ×

4 . 6 X

4 . 8 X
5 . 7 X
9 . 3 X

9 . 9 X

3.3 × 10-7
5,7 X 10-6
4.O X 10-5
2.2 X 10-5

6.8 X 10-5

8,5 X 10-7
5.7 X 10-6
6.5 X 10-4

6.6 X 10-4

1.2 X 10-6
5.7 X 10-6

1.9 X 10-4
1.O X 10-4

3,O X 10-4

1.4 × 10-4

5。6 X 10-7
5.7 X 10-6
7.9 X 10-4

8.O X 10-4

5.3 × 10-7
5.7 X 10-6
1.3 X 10-4
9.8 X 10-5

2.3 X 10-4

1 . 7 ×
5 . 7 X
l , 9 X

2 . O X

7 . 7 X

5 , 7 X

l . 3 X

aDoses  were  ca l cu la ted  fo r  t o ta l -body ,  G l - t r ac t ,  bone ,  1 i ve r ,  k i dney ,
thy ro id ,  1ung ,  and  sk in .  The  max imum th ree  o rgan  doses  a re  l i s t ed  j n  t h i s
table.  Doses were ca ' lcuated for  four  age groups:  adul ts ,  teenagers,
chi ldren,  and infants.  The h ighest  dose est imates for  each group are
l js ted.  The dose est imates for  to ta l  body exposure are for  adul ts  for  a l l
locat ions.  For  the bone and l iver  doses the est imates are for  ch i ldren
for  the nearest  garden and nearest  cow and garden' locat ions and for  in fants
for  the nearest  goat  locat ion.

bThe  bas i s  f o r  se lec t i ng  t he  spec ia l  l oca t j ons  i s  desc r i bed ' i n  Append i x  | . l .
The actual  locat ions are:  nearest  garden = 1.05 mi ' les east-nor theast ,
nearest  mi lk  goat  = I .02 mi les nor th '  and nearest  cow and garden
=  1 .05  m i l es  eas t .

8 .2 .5 .4  Ps i r cho log i ca l -Soc ioeconomic  E f fec t s

S e e  S e c t i o n  8 . 3 . 5 . 4 .

8 .2 .5  Economic  Cos ts

Chemical -based decontaminat ion so ' lu t jons are broken down into two categor jes-- t reated and untreated '
Treated solut ions are those which are processed through an evaporator  and then immobi l ized.
Untreated solut ions are those which are immobl jzed d j rect ly  in  v iny l  ester  s tyrene or  cement  and
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rgguire appropriate immobi l iz ing faci l i t ies. The costs for packaging and handl ing these solu-
t ions are highly var iable becauie of the uncertainty in the qirant i f ie i  to be handl6d. The quan-
t i t ies may vary from 47,000 gal lons to as much as 550,000 gal ions.

The staff  bel ieves that the costs for chemical decontaminat ion solut ion immobi l izat ion l ie some-
where between $2,000,000 and $13,000,000. Detai ls support ing these cost est imates are presented
in Appendix K.

8.3 SOLID T"IATERIALS

Decontaminat ion of the auxi l iary and fuel handl ing bui ldings (AFHB) began shori ly af ter the
accident,  and decontaminat ion of the reactor bui lding is sch6duleO t6 begin in eariy lSa3. These
act iv i t ies and defuel i lS gI the reactor,  fol lowed by-pr imary system decoitaminat ion-,  wi l l  generate
sir l id waste mater ials in the form of t rash, contami-nated eql ipinent,  and irradiated hardwarE. The
character ist ics of these wastc!,  the al ternat ives considerid ' for their  t reatment,  packaging, and
handl ing, and the environmental  impacts of these operat ions are discused in this 'sdct ion' .

8 .3 .1  S ta tus  and Spec i f i c  Cons iderq t ions

The.work performed to date in decontaminat ion of the AFHB has not resulted in the generat ion of
sol id mater ials other than trash. The character ist ics and disposit ion of the trasigenerated by
AFHB decontaminat ion act iv i t ies through September 22, L980, ard given in Table 8.42.-

This trast,  consisted of compact ' ib le and noncompact ible sol id mater ial ,  some of which also is
combust ib le .  The compact ib le  and combust ib le  so l ids  cons is t  o f  d ispos ib le  c lo th ing ,  rags ,  p las-
t ic covers, laydown pads, and miscel laneous trash. The noncompact ible sol ids cons"i 'st  of  tdols,
hoses, sa.fety goggles, miscel laneous construct ion mater ials,  and other smal l  i tems of equipment
used by decontaminati_o-n personnel. The compactible trash has been processed through a c6mpactor
and_packaged in 55-gal lon drums. This method of t reatment reduces trash volume by about a' factor
9l^?: . l {oncompact ible trash has been packaged in 3-f t  x 4-f t  x 5.5-f t  wooden 1ow-ipecif ic-act iv i ty
(LSA) boxes with a capacity of 80 f t3 'each.

8 .3 .1 .2  Pro jec ted  Requ i rements

Addit ional work in the AFHB and the
the generat ion of addit ional t rash
these other sol id wastes that wi l l
l eve ls  a re  summar ized in  Tab le  8 .43 .

o ther  decontaminat ion  and de fue l ing  acb iv i t ies  w i l l  lead  to
plus other sol id waste mater ials.  The est imated amounts of
be generated, their  sources, and projected radioact iv i ty

As shown, re lat ive ly- large volumes of  t rash are pro jected to be generated dur ing decontamjnat ion
of  the reactor  bui ld ing and dur ing defuel ing of  the core.  Pr io l  to  August  and September 1980
entr ies in to the rea- : to1 bui ld ing,  i t .  was assumed that  th is  t rash would have radioat t tv i ty  levels
about  a factor  of  10 h igher  than the mater ia l  generated dur ing AFHB decontaminat ion (chaiacter-
ized in  Tal r le  8.42) .  However,  the swipe sarr rp les taken c iur ing these entr ies d id not  substant ia te
th is_assumpt io.n_,  and i t_now appears that  th is  addi t ional  t r -ash wi l l  have gross radioact iv i ty
levels comparable to AFHB t rash.

The gross act iv i t ies shown in Table 8.43 have been rev ised f rom those presented in the draf t  PEIS
to ref lect  conta inment  entry  data.  The volume of  t rash that  could be generated depends on the
number of  personnel  involved in decontanr inat ion operat ions and on the t ime requi red to decon-
taminate areas to acceptable levels .  The min imum and maximum volumes pro jected in  Table 8.43
are bounding condi t ions for  t rash generat ion.

The condi t ion of  equipment  in  the reactor  bui ld ing which could be contaminated cannot  be def ined
unt i l  decontaminat ion begins.  The est imated volumes shown in Tab' le  8.43 were der ived by ident i -
fy ing the equipment  that  could have been contaminated dur ing the accident  and then est , imat ing
best-  and worst -case condi t ions for  the.  por t ion of  th is  equipment  that  would have to be d isposed
of  as waste.  Since the sur face contaminat ion ' level  data obta ined dur ing reactor  bui ld ing entry
shows levels below those assumed for  the draf t  PEiS,  the pro jected radioact iv i ty  levels  s-hown in
Table 8.43 have been reduced f rom ear l ier  est imates.  The contaminated equipment  generated dur ing
de fue l i ng  w i l l  cons i s t  o f  t oo l i ng  and  equ ipmen t  p laced  i n  t he  spen t  f ue l  poo l  t b  ass i s t  w i t h
defuel ing;  the volumes shown in the tabler  are based on the staf f 's  est imate of  needs.
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The reactor vessel is surrounded by mirror insulat ion that was wetted during the accident.  This
contaminated  so l id  mater ia l ,  wh ich  is  ne i ther  t rash  or  equ ipment ,  u , l l  have to  be  removed and
packaged as sol id waste. The est imated volume is based oir  the volum,: instal led, and the radjo-
ic t i v i t y  leve l  i s ' ;ased on  the  res idua l  rad ioac t iv i t y  in  th is  mater ia l  a f te r  i t  has  been dr jed .

The condjt ion of the reacton vessel internals,  which when removed rtay be handled as j rradiated
hardware, wi l l  not be known unt i l  the reactor vessel head is removed and the core internals are
inspec ted .  There fore ,  the  va lues  g iven in  th is  sec t jon  fo r  rad ia t ion  leve ls  fo r  th is  hardware
ane'est imates and couid vary.by an order of magnitude. I t  has been assttmed that the upper plenum
assembly and the core supp6rt-structure wi ' l l  have to be removed and disposed of as radioact ive
waste.

8 .3 .2  A l te rna t ive  Methods  Cons idered

The a l te rna t ives  cons idered fo r  t rea tment ,  packag ing ,  and hand l ing  o f  the  so l id  wastes  pro jec ted
in  Tab le  8 .43  are  d iscussed be low.

8 . 3 . 2 . 1  T r a s h

Current ly,  t rash is processed through a compactor to achisve a volume reduct ion factor of about 5.
Vo lume rL iuc t ion  a lsb  cou ld  be  ach ieved by  burn ing  combust ib le  t rash  in  an  inc jnera tor .  A  number
of incinerators for radioact jve waste have been operated. This technique would reduce the trash
vo lume by  a  fac to r  o f  80  to  100;  however ,  immobi l i za t ion  o f  the  resu l tan t  ash  w i l l  resu l t  jn  an
effect iv6 volume reduct ion factor of 40 to 50. Considerat ion of these two al ternat ives and the
range of volumes shown in Table 8.43 bound the volumes of t rash that could be generated. Tirese
best- and worst-case condit ions for packaged trash are as fol lows:

- Maximum Waste Packaqe rroduct ion. The maximum volumes from Table 8.43, compact jon of compac-
� a f a c t o r o f 5 , a n d p a c k a g i n g o f n o n c o m p a c t i b 1 e t r a s h j n
80-f t3 LSA boxes.

-  M in imum Waste  Packaqe Produc t ion .  The mjn imum waste  vo lumes f rom Tab le  8 .43 ,  jnc jnera t ion

� t r a s h t o r e d u c e e f f e c t j v e v o l u m e b y a f a c t o r o f 5 0 , c o m p a c -
t jon of the remaining 25 percent of the compact ible^ trash to reduce volumes by a factor
o f  5 ,  and packag ing  o f  noncompact ib le  t rash  in  80- f t3  LSA boxes .

The amounts of packaged trash that would be generated under thes.c two condit jons are summarized
i n  T a b l e  8 . 4 4 .

Tab le  8 .44 .  M in imum and  Max imum A l te rna t i ves  f o r  T rash  Genera t i on

Factor
Compac t i  b1  e ,

Combus t i b l e  T rash
Compact , i  b1e ,  

a

Noncombus t i b l e  T rash

Noncompac t i  b1  e ,
Noncombust i  b  I  e

Tras h

M in imum Genera t i on
0 r i g i na l  vo lume  ( f t 3 )
Process used
Volume reduct ion factor
Package type
Number of  packages

f.laxinum Generati on
0 r i g i na l  vo lume  ( f t s )
Process used
Volumc reduct ion f ; rc tor
Package type
Number of  packages

168,000
Inc ine6at ion

50"
Drum

480

341,000
Compact i on

5
Drum
9 , 7 4 0

5 6 , 0 0 0
Compact i  on

5
Drum

1  , 5 0 0

114,000
Compact i  on

5
Drum
3,260

82 ,000
None
None

LSA box
1  , 0 2 5

143,000
None
None

LSA box
1 , 7 9 0

aAssu*es  25  pe rcen t  o f  compac t i b l e  t r ash  j s  noncombus t j b l e .
b lnc ine ra to r  ash  i s  ' immob i l  i zed  w i ' Lh  vo lume  ' i nc rease  fac to r  o f  2 .
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8.3.2.2  Contamilatld Equipment

il:協鞘鉛
i球i需:t:f、:|:結綸柵 陥f習謂

Si:dd醍
。縄:濡龍ゴ縛及柵f品品

!:‖側剖
acceptable operational condition.  A parttal listing of materials and equipmerit that may be

:景‖i普報 :9]t]品
Ct]キin3麒S亀吊吊吊1貯市どざ督』 f登と予;:isP・4景.pa!if甘♀114:tキ‖3 :,C:‖キ3m:181:帝gnifaキle

materSa]s is given in Table 8.46t

The alternatives considered to package and handle these wastes involve volume reduction, but the
method of volume reduction depend3 0n the physical characteristics of the waste.  The methods
considered include:
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In general, these techniques will reduce volumes by a factor of 2 but are nじ t suitable for al]
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Other naterial, with radioactivity levels which require shieided transport, would be packaged in

8:e,1 1!girS that can be placed in shielded overpacks,  These liners would have a waste capacity
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represent minimum and maximum volumes of packaged waste, are as follows:

~ 帯
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mirror  i lsu lat ion.

-  i t in imum Waste Packaoe Product ion.  The min imum waste volumes
GFIeffi reuse of the reactor coolant
50 pefcent  of  the remain ing equipment  by a factor  of  2,  and
insu la t i on  by  a  f ac to r  o f  2 .5 .

The quant i t ies and character is t ics of  waste packages ar is ing f rom
shown in Table 8.47.

and ac t iv i t y  leve ls  in
pumps,  vo lume reduc t ion  o f
volume reduct ' ion of mirror

these bounding condit ' ions are

8 .3 .2 .3  I r rad ia ted  Hardware

The mater ial  that would be removed from within and around the reactor vesse' l  as i rradiated hard-
ware is character ized in Table 8.48. The al ternat ives for packaging and handl ing these wastes
depend on  the i r  phys ica l  charac ter is t i cs  and rad ia t ion  leve ls .  D isassembly  and sec t ion ing  cou ld
reduce volumes by a factor of 2.  Low-act iv i ty mater ial  could be packaged in 80-f t3-capacity LSA
boxes, whi le higher act iv i ty mater ia ' l  could be packaged jn 70-f t3-capacity steel l iners compatib ' le
with shipment in a shielded overpacl l .
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Table 8.45.  Partial Listing of Resctor Buギ lding Contaminated Equipment for Disposal

Air Supply System Anc i l la rv  Eou ipment
Purge system:

Vertical mounted fans
Sanipl ers
Cool ers

Air  cooler port ion of the main system
Main system ductwork on the 305-f t  level
l4ain system ductwork above the 305-ft level

bu t  no t  inc lud ing  tha t  w i th in  the
secondary shield system

Main system ductwork below the 305-f t  level
bu t  no t  inc iud ing  tha t  w i th in  the
secondary shield system

Regis te rs ,  dampers ,  re l ie f  va lves ,  e tc .
C h i l l e r  p l e n u m

Fans and coolers
Ductwork within the secondary shield system

Polar Crane
Motors
b'li ri ng
Hoist rope
Contacts and control  lers

Steam Generator
Mi r ro r  insu la t ion

Cab les ,  w i re  t rays ,  condu i t
I  nstrumentat i  on
lilain coolant punp motors

Pump coolers
Lubricat ion pump systems
Elec t r i ca l  cab ine t

Instrument packs
Control  stat ions
Drain pumps

Letdown coolers
Crane
Val ves
l.li re trays
Cab I  es

Smal  I  p ip ing

Instrument piping and connectors
Light f ixtures
l ' l i  r ror i  nsul at i  on
Smal l  too ls  and f i x tu res

El evator

Sha f t  b l ock  wa l l s

Dri ve moto.rs

E lec t r i c  cab les

Sw i t ches ,  re lays

Ho is t  cab les

E' levator  car

Fue l  Hand l i nq  B r i dqes

Br idge assembly

El  ect r i  ca l  s

l ' lechani sms

t4 ' i ss i  l e  sh ie lds


